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INTRODUCTION. 

TIhh sliort note Inw hoen written primarily to supply the Develop¬ 
ments Department of the ({overnnient of the North-West Frontier 
Provinee with an idea of the mineral resources of the Province and 
to iiulicute tlie directions to whi<th activities could be turned for 
its future (cononiic. development. It dues not claim to be detailed 
and must be regarded as a summarised account of a subject which 
I have long hoped to d« al with more fully, but have been prevented 
from so doing by pressure of more urgent work. 


UNPUBLISHED REPORTS. 

The following is a list of the chief unpublished reports on matters 
of economic inifvortance in the North-West Frontier Province which 
officers of the (iVological Survey of India have written during recent 
years. Moat of these were forwarded to the Chief Secretary of the 
Lottal Government-. 

G. DB P. CtvnrKR, Feb- “ Note on the Geology of the Kurram 
RrARY, 192H. Valley.” 

4.i*. Cot :lso.n, 30-1-1936 , ‘‘Preliminary Report on the Clay of 
' the 3eaai Ridge.” 
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A. h COVLBON, 


t> 




• » 


tf 




ff 






ft 


10-2-1936 . 
13-2 -193C . 
15-2-1936 . 
30-3-1936 . 


1- 4-1936 . 

13-8-1936 . 

2- 10-1936 . 

25-2-1937 . 

7-7-1937 . 

30-7-1937 . 


Preliimnafy Report on the Paniala 
Clay.” 

** Report on the Kark (Kharak) Oil- 
Shale, Kohat District.” 

” Preliminary Report on Ooki in the 
North-West Frontier Province.” 

** The Marbles of the Mullagori Coun¬ 
try, Khyl)er Agency and of the Pesh¬ 
awar District, Norih-Weat Frontier 
Province): with an Apptmdix on the 
Slates of the Nowshora Talisil, Pesh¬ 
awar District.” [Much of this was 
published in my jwpt^r *’ Marble of 
the North-West Frontier Pitivince ”, 
liep. G&d. //«/., 71, Pt. 3, 

pp. 328-344, (1936).] 

” Re|>ort on the Steatite of Klmirabad 
Kund, Nowshera Talisil: with an Ap¬ 
pendix on the Clay at Jahangira, 
Swabi Tahsil.” 

“Oil-Shale near Panda Daud Shah, 
Kohat District, North-West Frontier 
Province.” 

“ Preliminary Repoft on i-he Kconoiiiio 
(ipology of Waziristaii, North-West 
Frontier Province,” 

“The, Relation of the. Coal of the 
Surghar lian^'C. to the Boumlary 
Wtwwn the Kohat Distrie-t of the 
North-West Frontier Province and 
the Mianwali District of the Punjab.” 

“ The Codl of the Doro River, near 
AblKd'tabad, Haxara District, North- 
West Frontier Province.” 

“ Marble and Dolomite of Qhundai 
Tarako, a Hill forming part of the Fron¬ 
tier between the Swabi Tahsil of 
the Mardan District and tlie Buner 
Tract of Swat in the Nojth-Wcst 
Frontier Province.” [Partly modified 
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find published as ** Marble and Dolo¬ 
mite of Ohundai Tarako, North- 
West Frontier Province ”, Bee. Ged. 
Surv. Ind., 72, Pt. 2, pp. 227-234, 
* , (1937)0 

A. L OouLSON, 30-12-1938 ” The Sinking of Tube-Wells for the 

Electricity Department of the North- 
West Frontier Province at the Grid 
Sub-Stations at Mardan, Nowshera 
and Charsadda.” 

” 3-1-1939 . ” The Underground Water-Supply of the 

Peshawar and Mardan Districts of 
the North-West Frontier Province.” 
(The report was enlarged and pub¬ 
lish^ as ” The Underground Water- 
Supply of the Peshawar and Mardan 
Districts of the North-West Frontier 
Province; with an Appendix on the 
Kohat Valley,” Rea. Geol. Surv. Iml., 
74, Pt. 2, pp. 229-239.) 

M JO-3-1939 . “ The Water-Supply of the Jarman 

Kstiite and of the Ttigli Area, Kohat 
^ District, North-West Frontier Pro¬ 

vince.” 

,( 28-6-19J9 . “ Gold in the Khyber Agency, North- 

West Frontier Province.” 

Q. H. TirpBB , . . “ Preliminary Report on Minerals in 

Chitral. ” 

W. D. Wkst, 11^-1934 . “Report on venous Water-Supply Pro- 

blems in the Peshawar Distirct.” 


PUBLISHED PAPERS. 

The following is a list of the more important published papers 
notices of an economic aspect that deal with the North-West 
Frontier Province, either entirely or in part:— 

A. L. CooinoN, 1936 . Marble of the North-West Frontier 

• Province.” Ik'c. Gwl. Surv. Ind.^ 71, 

Ft. 3, pp. 328-344. 
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A. Ih CovhBov, 1937 


U ft 


1939 


H. Crookrhank, 1939 
L. M. Davies, 1926 
L. L. Fermor, 1922 


I) 


19 


9 > 99 

E. R. Gee, 1938 


A. M. Heron, 1937 


if 


ff 


tf 


if 


ff 


. *' Marble and Dolomite of Gliimdai 
Tarako, North-West Frontier Pro¬ 
vince.” Op. eii-t 72, Pt. 2, pp. 227-284. 

. Gold in the North-West Frontier 

Province.” TVons. Min. Oeoi. MtL 
ln»i. Ind., XXXITI, Pt. 2, pp. 191- 
206. 

. The Undei|^und Water-Supply of 

the Peshawar and Mardan Districts 

of the North-West Frontier Province; 
with an Appendix on the Kohat 
Valley.” Reo. Oeol. Sturv. Ind., 74, 

Pt. 2, pp. 229-259. 

. ” Indian Kefrat‘.tory Clays.” RuU. I ml. 
Indwf. Res., No. 14, pp. .34-35. 

. ” Not<J8 on the (Jeology of K<>hat.” 

Jotim. A. ,S. //., N, B., XX, p. 207. 

. ‘‘ General Heport for 1921.” (Chitral: 

Arsenic-ore.) Rec. Oeol. fiurv. Ind., 
LIV, p. 16. 

. “General Report for 1921.” (Chitral: 

(hnnabar.) Op. nt., p. 26. 

“General Report for 1921.” (IHiitral: 

Sulphide-ores.) , Op. oil., p. 30. 

. “ The Economic Geology of the North¬ 

ern Punjab, with notes on adjoining 
portions of the North-West Frontier 
Province.” Tram. Min. Oeol. Met. 
Inst. Ind., XXXIII, pp. 263-354. 

. “ Genial Report for 1936.” ((3eolo- 
gical Survey in North-West Frontier 
Province.) Rec. Oeol. Surv. Ind., 72, 
p. 71. 

. “General Report for 1936.” (Gold 
in Peshawar District.) Op. ciL, p. 50. 

. “ General Report for 1936.” (Iron-ore 

in South Waziristan.) Op. cU., p. 52. 

. “ General Rejiort for 1936.” (Irriga¬ 
tion Scheme in Khyber Agency.) 
Op. cU., p. 47. • 


91 
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A. li. Heaok, 1937 


»> >» 


♦* »» 


w •* 


t* »t 


»» »> 


%» >• 


» » 


1938 


•I 


•» tf 

M n 


•f i> 


I. 


“ General Report for 1936.’* (Blarble 
in North-West Frontier Province.) 
Op. 6U., p. 33. 

. “ General Report for 1936.** (Nickel 
in North Waziristan.) Op. dt., p, 63. 

. ** General Report for 1936.” (Oil-shale 

in Kohat District.) Op. cU., p. 54. 

. ” General Report for 1936.” (Slate 
in North-West Frontier Province.) 
Op. cU.f p. 33. 

. ” G^eral Report for 1936.” (Soda- 
granite Suite in North-West Frontier 
Province.) Op. cU.j p. 28. 

. ” General Report for 1936.” (Steatite 

in Peshawar District.) Op. cU.^ p. 56. 

. “ General Report for 1936.” (Upper 
Triassic Fossils in North-West Fron¬ 
tier Province.) Op. dt., p. 35. 

“ General Report for 1936.” (Clay in 

North-West Frontier Province.) Op. 
dt., p. 34. 

. General Report for 1936.” (Coal in 

North-West Frontier Province.) Op. 
cU.t p. 44. 

, General Report for 1936.” (Copper 

in North-West Frontier Province.) 
Op. cUy p. 45. 

. “ General Report for 1937.” (Geolo¬ 
gical Survey of Peshawar District.) 
Op. ck., 73, p. 84. 

. ” General Report for 1937.” (Coal in 
Dore River.) Op. cU., p. 42. 

. ” General Report for 1937.” (Coal in 
Hazara District.) Op, dt., p. 36. 

, ” General Report for 1937.” (Geolo¬ 

gical Survey of North-West Frontier 
Province.) Op. cU., pp. 84 and 86. 

. “ General Report for 1937.” (Hydro- 
Electric Possibilities in North-West 
Frontier Province.) Op. cU., pp. 40-42. 
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A. M. Hbbom, 1938 


1939 


tf 


9 $ 


99 


99 


99 


99 


T. H. D. La 
Touche, 1892. 

C. S. Middlemiss, 1890 . 


1896 . 


E. H. Pascoe, 1920 




1923 


99 


91 


99 


99 


99 


»» 


*' General Report for 1937.** (Marble 
in Mardan District.) Op. oU,, pp. 30 
and 87. 

** General Report for 1937.*’ (Goal 
from North-West Frontier Province 
and Punjab Boundary.) Op. cU., 
p. 33. 

“ General Report for 1938.” (Tubo- 
Wells, Mardan, Nuwskera and Giiar- 
sadda.) Op. oU., 74, pp. 42-43. 

“ General Report for 1938.” (Gold, 
Mardan District, North-West Fron¬ 
tier Province.) Op. oU., p. 47. 

“ General Report fur 1938.” (Mardan 
District, Geology.) Op. cU.^ p. 64. 

” General Report for 1938. *’ (Marble, 
Khyber Agency.) Op. dt., p. 32. 

“ Report on the (>il Springs at Moghal 
Kot in the Shirani Hills.” lieo. 
Geol. Hurv. Iful.y XXV, pp. 171-175. 

” Preliminary Note on the Coal Seam 
of the Dorc Ravine.” Rec. Qeol. 
Surv. Ind.t XXlll, Pt. 4, pp. 267-269. 

” The Geology of Hazara and the 
Black Mountain.” Mem. (tool. Surv. 
Ini., XXVI 

” Petroleum in the Punjab and North- 
West Frontier Province.” Mem. 

Geol. Surv. Ind. XL, Pt. 3. 

” General Report for 1922.” (Gliitral: 

Arsenic-ore.) liec. Geol. Surv. Ind., 
LV, p. 13. 

” General Report for 1922.” (Ohiiral; 

Asbestos.) Op. cit., p 14. 

“General Report for 1922.” (Ohitral: 

Copper-ore.) Op. dt., p. 15. 

“General Report for 1922.” ^(Ohitral: 

Garnet.) Op. oU., p. 19. * 
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E. H. Pabcoe, IDii;} 


»» I* 


M. Stuart, 1919 


II II 


D. N. Wadia 

AED 

Ji. M. Davies, 1929. 
A. B. Wymms, 1875 


1880 


'‘General Report for 1922.” (Cliitral: 
Manganese-ore.) Op. cit., p. 15. 

” General Report for 1922.” (Chitral: 
Sulphide-ores.) Op. cit., p. 28. 

” The Potash Salts of the Punjab 
Salt Range and Kohat.” Bee. Geol. 
Surv. Ind., L, Pt. 1, pp. 28-56. 

” Suggestions regarding the origin and 
history of the rock-salt deposits of 
the Punjab and Kohat.” Bee. Geol. 
Surv. Ind., L, Pt. 1, pp. 67-99. 

“ The Age and Origin of Gyfwiiiii 
associated with the Salt Deposits of 
Kohat.” Trans. Min. Geol. Inst. 
Ind., XXIV, pp. 202-222. 

“ The Trans-lhdus Salt region in the 
Kohat district; wdth an Appendix on 
the Kohat Mines and Quarries by 
Dr. II. Warth.” Mern. Geol, Surv. 
hid., XI, Pt- 2. 

‘‘On I he Trans-Indus Extension of the 
Punjab Salt Range.” Mern. Geol. 
Surv. Ind., XVII, Pt. 2. 


MINERAL PRODUCTION FROM FRONTIER PROVINCE. 

In Tables 1 and 2 (p. 11), 1 give the recorded mineral 
production from the North-West Frontier Province, which from 
1929 to 1938, had an aimual average value of less than Rs. 75,000. 

It will be seen that the mineral production of the Province is 
extremely small and consists almost entirely of salt, limestone, 
marble, and road-metal. Clays must be produced lo(?ally; but 
no hgurcs of the production of these are available. Efforts should 
be made by the Local Government to obtain these and forward 
them regularly to the Geological Survey of India for inclusion in 
the annual returns of the mineral indu.stry in India which are pub¬ 
lished in the Bccords of that Department. 



Table 1. —Mineral Production from yorth-West Frontier Province during the years 1929 to 1933. 



<«) TalM Dol npoited. 

{S) ngsm xdftte to officM fean 193^4,1936>37 uni 

<r) VtcivKUm aBOUBted to 31 tons dnrtuf 193T and 19%. Vaiae bas not jret been det^ 
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SUMMARISED ACCOUNT OP THE OCCURRENCE OF 
MINERALS OP ECONOMIC IMPORTANCE. 

In the following summarised account, I have refrained from 
giving references to relevant literature. If the reference cannot 
be found in the lists of unpublished reports and published papers 
accompanying this note, then the interested enquirer will doubtless 
find it in Touche’s invaluable “ Annotated Index of Minerals 
of Economic Value ”, which forms Part I-B of his “ Bibliography 
of Indian Cleology and Physical Geography ” (1918). I have sum¬ 
marised extensively from this useful publication. 


Abrasives. 


Chitrslf etc. 


Iluara district. 


Kohat district. 


Garnets are known to occur in Cliitral, but they are cracked 
and only occasionally of good colour. They might be used as an 

abrasive were they found in sufficient 

quantity. 

There are abundant outcrops of white reef-quartz pegmatite 
associated with the Hazara granite-gneiss. 

The crusliing of these is likely to be expensive. 

A quartz sand is said to occur near Fort Lockhart in the Kohat 
district, its locality being known to the Attock Oil Co., Ltd. 

However, efforts to obtain the position of 
this sand have been unsuccessful. It is pro¬ 
bably one of the softer sandstones described by Davies in his mono¬ 
graph on the Samana Range. 

Quartz and felspar sand occurs in some of the dry river courses 
of the streams draining the outcrop of Buner granite in the Mardan 

district. This has been used with varying 

Mardan lal t . success for cutting marble at the Peshawar 

factory in which the Shahidmona (Khyber) marble was formerly 
prepared. 

There arc numerous outcrops of quartzite, which could be 
crushed and ground to provide an abrasive material, in the eastern 
part of the Mardan district. 

Certain of the more - arenaceous clays and slightly arenaceous 
limestones in the Peshawar and Mardan districts could possibly 

be used os fine abrasives for metal and other 
polishes. It is interesting to note that the 
abrasive agent in a certaiu well-known brand 


Pcriiawsr and Mardan 
dUtrkta. • 



N, W, F. P., Alum and Antimomf^are* 


IS 


of metal polisli appears to be fine quartz, not exceeding 0*016 mm. 
in greatest diameter. Accordingly, it should be easy to crush 
some of the above rocks to this Msreening. 


Alam and Aluminous Salts. 


Griesbach mentions the occurrence of lavender-eoloured clay* 
shales, with beds of bituminous alum-shales, at several distinct 

horizons in his Metamorphic series, of possible 
yser fencf* Carboniferous age, in the hills near Bhahid- 
mena (34° 9': 71° 17'), in the Mullagori country in the Khybftr 
Agency; but no further details an* available. I did not notice 
these during my short visits to the marble of this area. 

When examining the tunnels along the Khyber llailway, Fox 
noted that the black and grey shales, which are occasionally 
crossed by zones of crush and shearing owing to the prestuioe of 
finely disseminated pyrite, are subject to rapid alteration on expo¬ 
sure to damp air. The pyrite is decomposed and the sulphuric 
acid therefrom leads to the formation of alum, breaking down the 
shales into soft clay. The alum occurs as an eflloreHcence on the 
surface of the shales or in the tunnels which travi^rse these beds. 
After rain, the efflorescence is washed away; but in the following 
dry weather, more efflorescence appt^ars. 

Wynne noted black alurn-shales at Jatta, (.33° 19': 71° 17') 
in the Kohat district and again in the rot^ky gorge near Bozha 

Banda in the saiint district. He states that 
the latter shale.s are evidently pyritous. 
There is little doubt that there are nii“ierous similar occurrences 
in the district—the alum-shales of the adjoining Mianwali district 
were for long worked as a source of the alum they contained. 
Wynne mentions the appearances of once extensive sulphur or 
alum works on the right bank of the Indus near Dandi Hill station. 
These are situated on the road from Ohorlakki to Dandi (SS"" 36': 
71° 59'), about two miles from the former. 


Kohat diatrict. 


Antimony-ore. 

Agha Abbas mentions the existence of a mine of antimony in 
the Zalmnkht hiUs, north of Thai (33° 22': 70° 35') in the Kurram 

valley. The ore is said to be of .inferior 
quality, bqt it was exported to Multaq, 


Karrtn Agencj. 
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Arsenic-ore. 


Thf, oro8 of arsenic (orpiment and realgar) have been long known 
from the Chitral and the mines, judging from the size and extent 

of the workings, must be of some age. Ac- 
Chitral. cording to Tipper, the deposits are (1) Mir- 

gasht (iol (11,000); (2) Aligot (13,000); (3) Londku (11,000); (4) 
Wizmich (16,000); (5) Moghono zom (15,000); and (6) Stach (14,000): 
the figures in brackets give the respective heights of the deposits. 
The first two lie on the northern side of the Tirich valley; the third 
is in the valley of the same name, the streams being a tributary of 
the Tirich. Wizmich can be reached by a difficult climb from 
Tiondku, but is preferably approached from the village of Washich 
ill the Turikho. These four deposits lie on the same line of strike 
and the mode of occurrence is similar. 

The Tirich valley is formed along a line of fault running N. E.- 
S. W. On the northern side of this fault occurs a large mass of 
altered limestones and calcareous shales. The limestones are most¬ 
ly altered to marbles, but are in places still fossiliferous and contain 
well preserved Fusulime. These marbles from bold craggy peaks 
which are almost inaccessible and at Wizmich constitute the boun¬ 
dary between Chitral and Wakhan. Along the fault line, well 
exposed in the uppey portion of the Tirich valley and continuing 
to the N. E., is a V-shaped body of basic intrusive rocks. On the 
south side, these abut on the shales and quartzites of the Sarikol 
series. The orpiment mines occur on the northern side close to the 
intrusive rocks and in the calcareous shales which are associated 
with the marbles. These shaly beds have been baked and altered 
by the intrusions. 

After describing the deposits listed above. Tipper states that 
it is not easy to assess the value of the orpiment deposited. To 
put the older workings into order would be a long and probably 
expensive process and is only possible under the competent supervi¬ 
sion of a trained mining engineer. It is doubtful whether the 
results that might be so obtained would be worth the expense 
entailed. The future success of the orpiment mines seems to lie 
in a discovery of untouched deposits by future prospecting. Tipper 
felt congdent that there are other deposits awaiting discovery in 
the localities he mentioned. 



N. W. ■P.f Asbestos and Bmlding Stones. 


Asbestos. 

During his survey of the Shishi Kuh, the valley fomung the 
geological continuation of the southern portion of the Chitral valley 

below Drosh, Tipper found large masses of 
basic igneous rocks in many places converted 
to serpentine. A white asbestifonn mineral has been formed in 
veins and cracks in the serptmtine. In spite of n very thorough 
search, no deposit of any size was found. Such asbestos as was 
noted was harsh, brittle and of poor quality. 

I noted small veins of slip-fibre chrysolile asbestos in limestone 
near the junction with an intrusive epidiorite on the side of the 

road from Char Bagh Fort (34“ 7': 71” 7') 
y tt fency. Khyl>er Agency to the Kafir Kot Piquet 

post. The material was highly weathered and w'as of no e<!onomic 
value. 

Masson states that he procured speciinens of asl)estos from 

£. . Kaniguram (32' 31': (‘>9 ’ 51') in the Waziri 

South WazirislM. 7 l a • e l r 1 j 

country, ])ut gives no further partjculars, 1 could 

ascertain no knowledge of any deposits of aslwstos whilst work¬ 
ing in South AVaziristan; but there is iio reu.son why asbestos 
should not l>e found in the basic ign(‘ous complex of North and 
South Waziristan. 


Khybcr Afency. 


South WazirislM. 


Building Stones and Road-Metal. 

The chief building stone in the North-West Frontier Province 
is limestone or its altered product, marble. The marble of the 

Mullagori country in the Khyber Agency has 
Marhle. quarried for some years past and carted 

by motor lorry to a factory in Peshawar. From ray various reports 
and papers in which I discuss thiy question, it will be seen that 
I have advocated the preparation of the marble at the quarry instead 
of in Peshawar, as by this means freight will be saved. 

The following descriptive notes concern chiefly the Shahidmona 
(34® 9': 71® 17') marble, but will be equally applicable to some of 
the Kambela Khwar marble. 

The marble is a pure, white saccharoidal stone, translucent in 
thi n Tna<M«H and equal in appearance to the Makrana marble of 
Jodhpur and Carrara marble. It has been worked sucpmfully 
into translucent ornamental vases and vessels, plates, etc., of great 
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beauty. It hae been used as an ornamental bnilding stone 
(jwlished and unpolished) on a small scale in Peshawar for flooring, 
fire-places, etc. It has been used also for flooring with black 
slate from the quarries just over a mile south-west of Jhangira 
Hoad railway station (33° 57' 30*: 72® 12'). 

The Khshidmena white marble, sawn but not poludied, costs 
about As. 11 per square foot in Peshawar; this may be compared 
with Makrana marble, also savm and unpolished, which costs Re. 1 
to Re. 1-1 per square foot in Peshawar. 

After being roughly dressed at the quarries, the Shahidmena 
marble was carted by motor-lorry along the rough Mullagori road 
for about 26 miles to Peshawar, where it was sawn in a factory 
installed by the Director of Agriculture and Allied Departments 
near the gCHKls railway siding. The blades used were of cold 
carbon steel, employing a cutting sand from a river-bed between 
Adina and Kalu Khan (.34® 13': 72° 18'), near mile 15 on the Mardan- 
Kwalii road. This sand contains a lot of felspar, which reduces 
i<.s cutting }>ower. The factory has since been sold to private 
interests; but the CJovernraent must be interested in the develop¬ 
ment of the marblf>, industry along the right lines. In the past, 
very good quality white statuary marble from Shahidmena has 
been used purely ns a building stone, instead of for ornamental 
statuary w(»rk ft»r which it is admirably suited. When used purely 
as a building stone, it soon looses its white colour by the action of 
ruin, dust and fiitnes in the atmosphere. There is abundant banded 
marble available at Lowaramena (.34° 8': 71° 19') in the Kambela 
Khwar, which would serve equally well as a building stone and 
could be used to avoid wasting the high-class statuary marble of 
Sbahidmena. 

Latterly attention has been given te the marketing of chips of 
white marble, w'hii'h are being sold at 14 annas per maund f.o.r. 
Peshawar. These have to be between one-eighth and one-sixth of 
an inch in size. A market has also been found for marble dust, 
that passing through a sieve with a 144-roesh to the square inch 
being sohl at He. 1-5-0 per mannd f.o.r. Peshawar. 

Marble of gocKl quality also occurs at Maneri (34° 8': 72° 28') 
in the 8wabi talisil of the Mardan district. Green and yellow 
seriientinoiis marble of considerable beauty is also known to occur 
here, bi»t not abundantly. These coloured varieties form very 
haodsopie stopes which take a ^xid polish. The white marble 
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of Maneri 18 of the saino nature at the Sbahidmena marble, being 
a pure, vshite, aaocharoidal stone of handHome appearance. 

In Table 3, I give analyses of certain marbles:— 


TaBi.E 3. —Analyses of marhlc from the KhylMr, Afdrchtn, Jodhfotr 

and Italy. 


Kook iiumiM'r. 

411; 462 

49/4M.'i 

4U47.'i 

42/562 

— 



IVr 

IVr 

IVr wnl. 

IVr 

IVr Mill. 

SiO, 

• 

002 

0-06 

004 

0-40 

trai^. 

Fe,0,f.AhU, . 

• 

010 

OIB 

(MM* 

0-m 

OH 

(’aO 

- 

r>4-60 

r>4-40 

.W-KO 

5608 

r»A-64 

MgO 

• 

1-61 

OMN 

o;i:i 

0-W> 

U<41 

Lohh on ignition . 

• 

4;t-H6 

4.’i(KI 

i'2M 

4:i-2H 

4417 

P.l), 

• 


• ■ 



trar**. 

Totals 

• 

UKIIO 

1 

98-86 

imi-76 


S|n-filii’ irravity 

• 

2-72 

2 70 

1 

2 71 

2-7:i 

* • 


40/462 Whitf i>a<’('har>ii(lal uiarhli', l«iui*r qunrry. ShnhWItiK'iih, MiillHgori rtHintry, 
KhyLjT Ai^nxy, Nnrlh-WVHl Fnmtitr I'mviiur. 

40/n 4'> \\ lute Ha<'< haroiiltii innrhli', Ij iiiilfx S. U' l.owariiiii<iiH, Kanilx'lit Khwar, 
MuUa(iuri xmiitry, KliyUr AKt'ii(>, N»jrlh-\V«'st Kioiuk Frovun-f. 

40/47ri NVIiitt' iiiitrldr, Maiirri, Swatii tulixil, Manian iiiHtrirt, N(>rih>\Vi‘Mt Fruiilier 

l*rov 

42/.'>62 MarbU*. Makrana, .l<Mlli|iiir Stat<‘, llitj|>iilaiia. JMarbk', ('arrara, Italy. 

Marble of good quality also oticiirH in the ridge known as Giumdai 
Tarako (34^ 13': 72“ 25'), which forms part of the boundary betwetm 
tne Swabi iahsil of the Mardan di.-iirict and the Buner tratd of 8wat. 
After an exhaustive examination, 1 concluded that possibly the 
largest quantity of statuary marble in the Frouti<'r Province will 
Ije found in the Ghundai Tarako. 

The following are the results of the analyses of nine samples of 
the marble and dolomite of the Ghundai Tarako ridge, selected 
during a ihoiough inspection from south to north (Table if:— 

V 











Table 4.— AnaJyse^ of JimeJitone, Mirble <iuA (lolonut^ front (ihutuioi TnrakOf atul i^o-nt. 
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It will be not^ from a study of the fijerures in these tables that 
all the samples of limestone, marble and dolomitei from Ghundai 
Tarako are of ex'cellent quality; in no case does their silica content 
exceed one pt*r cent, or their combined iron and alumina 0*76 pet 
cent. 


The Ghundai Tarako marble has been worked in the past by 
local KhaUacks and taken by donke^iJ to neighbouring; villages 
such as Nawe Kalai (34® 13': 72® 20'). Shekh Jana (34‘' 13': 72® 21'), 
Spinkani (34® 14': 72® 22') and Shewa (34’ 15': 72' 21') burn 
for lime. The eo.st of a /wrt, a heap of pieces of stmie of about 
four cubic yard.H (six feet long by six feet wid<‘ by three fe(‘t high), 
delivered in Shekh Jana^ which opcralitui apparently takes one 
man about four days to compleO*, was quoted as Rs. 7. To Nawe 
Kalai, but a mile further, the cost was sOifed to be Rs. 10, a.s the 
operation takes .six tlays. This indicates the primitiveness of the 
methods c»f extraction and transport so far used and it is obvious 
that the surface of the marble has onlv hem scTat<'hetl. 


The main peak region seems to off(>r the best sites for quarrying. 
This area would have to be. te.str‘d to see how’ far inarbh* of good 
quality goes up the hill. It seems probal>le that nearer the summit, 
the marble is not so well rccTystallise*!. The anmunt f saw of 
the Sw’at side of the ridge would seem f.o indicate that- the best 
marble runs on the south-west, or Mardau, side. 

.'Vccording to the hn-al w'orkers, the largest sized bbsiks of white 
marble that can be extraeted would l»e about two ti) three, feet iu 


length. This i.s a disativantage when the marble is (piaiTiod for 
statuary ]uirposes, though not so iiiqiortant for minor building 
purjioses ; but it is highly |Mis.sihle that as (ojarryiiig procced.s along 
the ilip into ridge and atimwpherie ugetu ies h.ive had no cipportunity 
to aecentuate the jointing, much larger hloeks will be available. 

The Ghundai 'I’urako marble Is ndatively line-grained. It is 
generally .somew’hat hner-graiued than .the Shahidmena aiul Knmbela 
marble of the Khvbcr Ageiicv and the Aloneri marble from the 
Mardau di.strict of the North-W'est Frontier Rrovinee, and much 
finer-grained than the Makran marble of Jrxlhpur. Approximately, 
it is equal in grain-size to the Carrara marble of Italy, and is more 
suitable for statuary, because it is easier l<i ehisel than the C/oar.ser 
marbles; Vmt fineness of grain wouhl tend to make it les.^ resistant 
to weather and therefore less suitable for <*xterior work. 


' Sbeikh Jana ia only at^oul 4| luilett wast of (ihnn'lai Taiuko. 


B Z. 
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Tlio Frontior Trovinr.o ia oxcooclingly rich in deposits of lime¬ 
stone of varyinj4 deeroea of jnirity. Much of the limestone is 

])urnt for lime, c.g.^ at Nowshera, Ghundai 
l.imcBlonc. Tarako, Maneri, Kohat, fito. 

The follftwinp ('I’able 5) are prctviously unpublished analyses of 
s])e(‘.imena of liniestorne which I collected personally in the Baunu and 
Dera Ismail Khan districts •nd North and South Waziristan. They 
may be re^^arded as beiu^; typical of the limestone generally available 
in inexhaustible (juantities in tlie North-West Frontier Province. 

Tlu; acid volc.anic rocks, which form the Karamar range ea.st 
of Shahbazghari 14': 72'" 9') in the Mardan tahsil of the Mardan 

district, offer abundant supplies of road-metal 
which could have extensive use on local roads. 
Mostly, how'cver, softer limestones are used. Other rocks used as 
road-nu'lal and building si,one include ejjidiorites, quartzites, sand¬ 
stone, shah*, et(!. 

Tlu^ Atlock slates in the Nowshera tahsil of the Peshawar dis¬ 
trict have been quairied in several places for use as a building 
^ ^ ston<‘. 1 visited the slate quarry in the hills 

one. mile south-west of Jahangira Hoad rail¬ 
way station (JhT 117'; 72'’ 12'), where the Attock slates have a 
main clcavag<* dij)j)ing at between 75-80" to the N. N. E. Slates 
have exlimti’d frcm licre fur use in various irrigation bungalows 
and ft)r falls in canals for the past 20 years. They have also been 
used in I'ccring woik in Government House, Peshawar, and other 
buildings in lliat (ily. The cost delivered in IVshawar was about 
As. 5 ])cr s<niure loot or Jls. IlO per 100 square feet. Blocks up to 
six feet by two were quarrit'd. The slate rejdaces Chitorgarh slate 
ju Pt.'diawar. wliich rc .sts about As. 9 per .square foot. The slates 
at Jahangira lloiul will never have much economic importance, 
'riuy will bi ii.sefid for local building work, however, and there 
seems no reason why, when suital)h', the local slate should not be 
iise<l instci'nl of the ileaier Chitorgarh article. The cleavage planes 
of the Jahangira slate are not sucli as will facilitate the extraction 
of large bh'cks which may bo easily split up into thin slates of even 
thickness. 


Slates. 


Other slate quarries exist al)Out. a quarter of a mile south-west 
of Cliasmni (JIV’ 57': 72^ 8'), and near Manki (33° 56': 71° 58'), 
soutli (»f Nowshera, both j)roviding a ligliter-grey type of slate 
than thV Jahangira quarry. All appear to be in the ancient Attock 
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slates, the exposures of which in the Attock district have been 
described by Cotter. The slates do not extend as far west as 
Jallozai (33° 55': 71° 49'). 

The following building materials are mentioned Middlemiss when 
discussing the geology of the Hazara district. The gneissose granite 

largely developed in the northern and western 
■zara t ct. portions of the district splits readily into slabs* 
and is used locally for building. Triassic limestone is quarried 
near Abbottabad (34° 9': 73° 16') and Hasan Abdul (33° 60': 
72° 46'), and furnishes a good durable stone, but somewhat sombre 
in colour. Limestone suitable for the making of lime is widely 
distributed, especially in the “ Slate ” and “ Nummulitic zones 
The harder courses among the Murre<5 sandstones, found in the 
southern parts of the; district, furnish an easily worked and fairly 
durable material. Some of the finely foliated schists are used for 
roofing purposes. Slabs of large size can be obtained, but are 
from half to one inch in thickness. 

Wynne and Waagjui have suggested that the Attock slates 
might afford valuable roofing material. 

The ajgirinc'arfvcdsonitc-granitc, which crops out in the Mulla- 
gori country of the Khyber Agency, and forms Patigate Sar 
. . (34° 9' : 71° 22'), w'ould form a handsome 

building stone. 

Some of the mcfre fissile varieties of the acid volcanic rocks 
forming the Karamur range in the Manlan district, referred to 

previously, are quarried for building purposes. 
The quartzites in the eastern part of the dis¬ 
trict could possibly be. worked for building stone. The Buner 
granite, w'hich crops out in that part of the district adjoining the 
Buner tract of S>vat, generally cannot be suitably used as a building 
stone us usually it is not well jointed and it weathers rather easily. 


Mtrdan district. 


Chromite. 

A specimen of chromite 1 collected from three-quarters of a mile 
E. S. E. of Pai Khel (32° 58"'; 69° 50'), near mile 64 on the Datta £hel 
M.wh North Waziristan showed doubtful 

chromite in thin flakes m the thin section. 
The occurrence is of interest as the serpentine is presumably of the 
same age as the extensive serpentines of Baluchistan, which contain 
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the richest chromite deposits in India. The surrounding country 
cannot at present be surveyed ; but when, if ever, the tribes have 
settled to a peaceful existence, a further search in the area seems 
justified. 

Cinnabar. 

Cinnabar has been found by Tipper in the sands of rivers in 
Chitral. The occurrence is of great interest, but not of economic 

importance at the moment. However, the 
importance of the mineral merits a st'art^h 
being made, with great care, for the parent lode of sulphide minerals 
as a deposit of cinnabar would be of great economic value to the 
State. 


Clays. 

Clay from the Shekh Iludin was tested in the National 

(Vramic Testing Laboratory, Stoke, on Trent, ami a report stated that 

the clay fuses between 158()*C. and IGIO'^C. 
The report continued as follows:— 


Bannu district. 


" Tilts (‘lay could Ijc inehi«l(‘(l ill Ihe piuHtic iNill-Hny ty[H‘, except for its 
jHTceiilAgc of iron. It is very nniiarkalde that a elsy with the iiei-ceiitage of iron 
shown by the analysis does not fire a red colour. It would Ik* a useful clay to 
carthenwan* inanuhudurers who desiri'd to use u clay to add to the ordinary ('arli)(‘n> 
ware body mixture to produce the ivory ty|H* of hody, Vhicli is more |K>pulnr at 
the present time than a white htMly. The clay gives a relatively high iK'reent-a>ip' 
residue on lawning through 120*s, and it is fairly certain that souk; of the iron 
eoni{N)unds in the clay are it'taiiu'd on the lawn.” 


High up on the southern slopes of a .st-erly trending spur of 
Tumani (bindai, ^ miles S. S. K., of Paniula ‘ (82“ 14': 7iC 5:1') 

cM'curs an argillaceous sand.sttme of variable 
district ***”*** hardness ami composition which 1 examined. 

It i.s one of the beds of .Jurassic series of this 
legion. The National Ceramic Testing Ijabonitory sttited that this 
* siliceous clay ’ could be used for a third-grade fire-brick, 'fho 
clay is reasonably clean and low in iron, ami these are commercial 
advantages in a clay for fire-brick product/ion. This clay was 
defonned at Cone 26-27, 1580“-1610 C. 

On the northern slopes of the same spurs. I nottwl an unctuous 
clay which whitens on tlrying and e.xjMistire, to air, and is distinctly 
more prontisiiig tliaii the occurrence dcsciibwA aljuvt?. iu 
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the Laboratory of the Geological Survey of India, showed that the 
clay did not fuse at 1400X*., but broke up on heating. This is, no 
doubt, due to the slight gypseous content. I made recommenda¬ 
tions for trial pits and sampling for the possible development of 
this clay, but nothing further seems to have been done. 

Acciording to Middlemiss, clays occur in the Kagan (34® 47': 
73“ 31') and Konsh valley, which were tested in the Laboratory of 

the Geological Survey of India and found to 
be suitable for use as china-clay. 

I inspected a clay high up on the Besai ridge north of the Kliajuri 
plain, which was formerly mined and sold to the pottery makers 

in Peshawar at about Re. 1 per bag as an 
y er gency. ingredient for their glaze. The following is 
the result of a test made on this clay on the Laboratory of the Geo¬ 
logical Survey of India :— 


Hszara district. 


Colour unbnrnt 
Colour burnt . 
Plasticity 
Mhrinkago 

Refractorinoss . 


Ramarka 


Unwashed clay. 

. Cream .... 
. Lavender grey 
. Poor . . . . 

. About 26 per cent, by . 
volume. 

. Does not fuse at 14<I0°C., 
but becomes porcella- 
nous. 


. Very gritty and somewhat 
ferruginous. Unsuitable 
as a fire-clay, china-clay 
or filler. May lie useful 
for glazed pipe ware. 


Levigated sample. 

Light cream. 

Lavender grey. 

Moderate. 

About 26 per cent, by 
volume. 

1)008 not fuse at IdOO^C., 
but becomes porcella- 
nous. Its appearsn(« at 
this temperature suggests 
that it is approaching 
fusion point, and it is 
doubtful whether it would 
be suitable as a fire-day. 

May have some use as a 
filler where colour is no 
dotriinont. Would 
unsuitable for electric 
insulators. It may have 
some use for glazed pipe 
ware. 


Kohat distrief. 


A sample of clay found in the Kuhat district was forwarded to 
the Geological Survey of India in April, 1937, by the Director of 

Agriculture, North-West Frontier Province, in 
ordejr to obtain an opinion as to the suitability 
of the clay for the manufacture of porcelain insulators and hre-bricks. 
The clay was light grey in colour and had good plasticity. However, 
it decrepitated on heating and had no value for the manufacture 
of iasulatois. It could be used as a cloth and paper filler. 



if. W. F. Ckiy$. 




According to a report dated the 19t!i June, 1935, by the Natio* 
nal Ceramic Testing Laboratory, North Staffs, Technical College, 

Stoke-on-Trent, England, on a sample of clay 
from Jaha^a (33° 58': 72° 13' 30*) in the 
Swabi tahsil of the Mardan district. 


Mardan dfotrief. 


*' This clay is fairly plastic and will vitrify at Cone 8. It is remarkable, almost 
unique in its high content of steatite, probably aocompanied by Dolomite. This 
clay is the only one of the three that is of {Hissible use in manufacturing elei^irioal 
insulators, but suffers from the objections that the Bred ctdour is |)uor owing to the 
iron content, and also that the glaaed article would havo a it'ndonoy to erase, owing 
to the low silica content. This crazing tendency would be prcvonU;d to a large 
extent by the steatite present, and if the fired colour is not a serious objection, 
the clay might bo worth a trial fired to Cone 8.” 

This clay was analysed by the National Ceramic Testing Labora¬ 
tory with the following results :— 


8 iO, 

• 

• 

• • 

• 
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0-04 

Na,0 
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a 

0-06 

SO, 

• 
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• t 

a 

2-78 

Lose when calcined at 960” C 

• 



• 

• • 

• 

13-00 








Total 

a 

09-86 


The analysis was made on the dried samj>lc of the clay after the 
hygroscopic moisture had been lost at 110°C. 

In 1936, I was shown a clay a quarter of a mile north-east of the 
eastern end of the bridge of boats across the Kabul river at Jahangira 
on the left side of the river, just above its junction with the Indus 
river. 'This clay appeared to be part of a terrace of horizontally 
bedded river and ? glacial deposits formed, no doubt, when the 
Indus and Kabul rivers were dammed in the vicinity of Attock. 
This argillaceous material is of a vavre nature and is interstratified 
with b^ containing gneissic and granitic pebbles of the same 
nature as those found lying on the Attock slates on the right side or 
the Kabul and Indus rivers. It is greenish and pinkish in colour 
and is at times sufficiently pure to be quarried and used a^ MuUaM 
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Peshawar district. 


fnaUi. It is marketed in Rawalpindi and other places for use oil 
the white boards the local school-children use as slates. After 
being mixed into a paste with water, and spread on the wooden 
‘ slates the latter are placed in the sun to dry. »School-children 
write on the ‘ slates ’ with ink, which is absorbed quite well. The 
clay or shale is also eaten by pregnant women. 

Certainly this is not the same material as that sent to the Natio¬ 
nal Ceramic Laboratory, nor do 1 think such steatitic material 
exists near Jahangira east of the Kabul river. Elsewhere in this 
paper, however (see pp. 46-47), I have dcscril (k 1 certain oc/Curren- 
ces of steatite south-west of the Kabul river. 

An analysis of a Peshawar clay is included in the tiles of the Geo¬ 
logical Survey of India. The locality where this clay was obtained 

is not given, but the clay was possibly a leviga¬ 
ted sample of the clay from north of the 

Kajuri plain, which was purchased in the Peshawar bazar. It is 
said to burn light brown, to be a good fire-clay, and to have a possible 
use in ceramics. 

A white rock, or clay, appears to occur in the hills between Kiitmar 
Sur and Pre Ghal in South Waziristan. Specimens of country- 

rock of the region brought to me by Khas- 
Httdurs were biotite-granite; and so there is a 
possibility that the white material, which shows up w'ell from a 

distance, may be kaiflin formed as a decomposition product of the 
felspars of the granite. 

Poor-grade clays are, of course, used Iwally by the indigenous 
potter and in the manufacture of bricks. No figures of the amount 

and value so utilised are available. There 
seems little doubt, however, that an intensive 
search would result in the discovery of better-grade clays; but 

whether these would be favourably situated for economic develop¬ 
ment is doubtful. 


South Waziristan. 


Qeneral notes. 


Coal. 

I do not think that the coal of the Dorc river in the Hazara 
district will be of economic importance.. In ray relevant report, 
„ , I have stated that there is no continuity of 

outcrop owing to numerous faults and earth 
inovemcnits; the (|uality of the coal is very variable and usually 
poor; the thickness of the seam is either variable or small, or has 
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a false appearance of value imparted to it by the presence of carbona¬ 
ceous material which is little more than shale; and finally, the coal- 
bearing sandstone is cither so kneaded up and crushed by earth 
movements, owing to its position between two hard limestones 
which have acted as crushers, as to be usually impossible of being 

worked commercially. 

* 

The possible economic value of the Dore river coal depr)sits has 
been a point of interest to those concerned for a long time. A 
short history on the investigations is given in the “ Coal ** section 
of the Economic Geology Appendix to C. S. Middlemiss’ memoir 
on the geology of Hazara and the Black Mountain. Middlemiss* 
notes contain analyses and supplement the preliminary report that 
he had submitted previously, which was accompanied by a sketoh 
section showing the geological structure of the area. 

The chief earlier report was that by D. Morris, who was Execu¬ 
tive Engineer in charge of Coal Mines, North-Western Hail way. 
Morris stated that as early as 1883, it was found that the shale ** 
should be utilised in lime- and brick-burning. 

One of the chief points of interest is the variation in the quality 
of the different specimens of the coal that were analysed. An 
anthracitic sample sent by Morris to the Geological Survey of India 
^showed a fixed carbon percentage of 8(>'26 and an ash pcr(;<‘utage 
of only 3‘92. The first two samples sent by Captain Abbot to 
Calcutta lor analysis showed ash percentages of 18*75 and 21*75, 
with moisture percentages of 17*78 and 1*90 respectively. How¬ 
ever, a representative series of samples from near Jaswal (34'^ G'; 
73‘’ 16'), obtained by Middlemiss and Ifiivi l^al, showed an average 
ash percentage in the first nine feet of 16*03; at the tenth foot, 
the ash percentage was 17*20; but below this, the average tvsli per¬ 
centage was 31*95. 

Morris’s report refers to the trial heading driven by the Publio 
Works Department in 1888 that was ubandonfdi later owing to an 
mflux of rain-water. This is situated about miles E. N. £. of 
Dhamtaur (34® 8' : 73® 16'), on the left hand (south-east) side 
of the Dore river. About 1,(X)0 maunds were extracted from this 
working, of which 800 maunds were sent to Hasan Alalid for trial 
as a locomotive fuel. The other old mine, known as Hewson’s 
mine from the name of the clerk in the Deputy Commissioner’s 
office in Hazara who prospected for coal and spent much time and 
money in the enterprise when on furlough, is on the right-hand 
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(north-west) side of the Dore river, about miles north-east of 
Dhamtaur. About 6,000 maunds of coal were extracted from 
UewHon’s mine and used in Abbottabad for lime- and brick¬ 
burning after Ix ing made into slop-moulded bricks. 

Up to the time of the writing of Middlemiss’ 1896 report, ap¬ 
parently the P. W. D. and Hewson’a mines were the only trial 
efforts made to prove the Dorfe river coal. They were not successful. 

The chief point of interest is the exact horizon of the sandstone 
with which the coal is associated. In my report on “ The Rela¬ 
tion of the Coal of the Surghar Range to the Boundary between the 
Kohat District of the North-West Frontier Province and the Mian- 
wali District of the Punjab ”, following Gee, I have placed the 
Makarwal coal stage as Lower Kanikot (basal Eocene). Middle- 
miss is correct in regarding the grey limestone of the Dore river 
and Hazara as Eocene, making the coal stage higher than Lower 
Ranikot. His chief reason for this was apparently convenience for 
held mapping, for he states:— 

“ A sorieB of well-beddod grey limestones with, so far as 1 have seen, a complete 
absence of fossils, except extremely minute organisms, probably foraminifera, over- 
lies this M. Cretaceous band. Waagen and Wynne consideied it possible that 
it might also be Cretaceous, but gave no definite reasons. In the absence of proof' 
1 have preferred to place the grey limestone with the Tertiarios as the lowest bed 
of the Nurnmulitic series, more especially as, for reasons stated under the next 
beading, it is not every wheie easy to draw a line between the Grey and Nurnmulitic 
limestones, whereas the top of the orange Middle Cretaceous band is everywhere a 
marked feature easily seized for mapping purposes.” 

However, my specimens of the grey limestone show abundant 
small forams and so there is no doubt that the Dore river coal stage 
is higher than Lower Ranikot, and so is not homotaxial with the 
Makarwal coal stage. It is interesting to note, nevertheless, that 
Middlemiss stales that he has little doubt that the Dore river coal 
is homotaxial with the coal of the Salt Range which is also found 
at the base of the Nurnmulitic limestone ”. He also states that 
the sandstone accompanying the coal is underlain by a coarsely 
pisolitic ferruginous band and in the event of the grey limestone 
being Cretaceous, this band 

“ would veiy reasonably represent the similar i-ock at the base of the Nurnmulitic 
series at 8abathu and in western British Garhwal ”. 

It would appear that the only known occurrence iu the North-West 
Friintier* Province of coal of possible economic importance is in the 
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Kohat district, just north of the Baroch gorge, and near its junction with 

tl»e Mianwali district of the Punjab. I recommended 
0 at ret extremely desirable that this coal 

should be proved ; and stated that if proved, it could be worked by 
drifts from the Frontier Province side and transported by aerial ropeway 
to the Punjab side of the ridge. I understand that this potential 
coal area has been included in a mining lease granted, prosuinably 
by the Ix>cal Government, to the Makarwal Coal Co. 


The outcrops of the coal in tJie neighbouring parts of the Punjab 
will be further delineated by the Gt*ological Survey of India in the 
li'3y-40 field season. The results tif this field work will have 
some interest to the Government of the Frontier Province, as well 
as to that of the Punjab. 


According to Gee, the Makarwal coal stage is Jjowor Ranikot or 
basal Tertiary in age. The Htratigraphie.al stiqiiemio is as follows : 


11. Alluvium. 

Kb Upper and Middle Siwaliks (Upper Tertiary). 

9. liower Siwaliks (Miocene) 

8. Upper limestones (Laki) 

7. Olive shale st^ge {'i Ranikot) 

6. Lower limestone stage (Ranikot) 

5. Makartml coal stfige (Ranikot) 

4. Massive sandstone stage (? Cretaceous). 

3. Belemnite shales (Upper ,luraH.sif;-Lower Cretaceous). 

2. Upper Jurassic limestones. 

1. Variegated stage (Jurassic). 

From the field evidence, there seems little doubt that a dark 
red, pi.soliti<!, haematiU* shale, or so-called laterite horizon, is sometimes 
developed at the expense of the coal, and there is a slightly 
irregular junction then between the sarulstones of the basal Koc^enc 
Makarwal coal stage and the Cretaceous sandstones. 

There is thus evidence of a ‘ break ’ between the Cretaceous and 
the overlying strata. 

According to Ge.e, the main Makarwal scam varies up to 12 feet 
thickness, but is usually from four to eight feet thick. It occurs 
at the base of the Makarwal coal stage; and half-way up the 130 feet 
of “bedded grey and variegated, fairly massive sandstones alternat¬ 
ing with ochreous, grey sandy shales with imperfect plants is a 


•(Eocene). 
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second, “ Thinner scam of coal and shaly coal about 1 to 1| feet 
thick at the outcrop It is only the lower, basal seam that is 
worked. 

A number of analyses of the seam are given by R. R. Simpson 
in his paper “ Report on the Coal Deposits of Isa Khel, Mianwali, 
Punjab ”, and Gee discusses its quality in the economic section of 
his report, to which reference should be made. In addition, the 
following are the results of the analyses by Mahadeo Ram in the 
]ja}>oratory of the Geological Survey of India of samples of coal 
from the Lamshiwal and Simpson groups of mines collected by Gee 
and myself from tnujks at the Makarwal Colliery siding. These 
may be (considered as typical of the coal despatchcjd from the Colliery. 
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Tlie general geological structure of the Surghar range is that of 
a fold-faulted anticline, the axis of which runs north and south to 
the east of the crest of the range. Generally the eastern limb of 
the anticline is either so faulted or has been so eroded away that 
little coal can be extracted. The western limb forms the main 
ridge and the coal seam dips at fair angles into the range. The 
anticline pitches south beyond Lamshiwal towards the Mitha Khatak 
gorge. 

On page 21 of his paper, Simpson mentions two seams, the 
upper one nine inches and the lower one three feet thick, occurring 
in the supra-Jurassic sandstones (Makarwal coal stage). He notes 
that the lower seam is 

‘‘ of fairly good (quality. Its outcrop crosses the Borochi stream at a point about 
2 miles of, and 900 feet above, Malla Khel. The dip at this point is to the 
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west at an angle of 45°. Traeed northwards from the ravine the seam rapidly 
thins to 9 inches, and becomes more stony and pyritoiia Two miles further north, 
near Shaikh Nikka summit (.3,990 feet), the supra*.TuraBstc sandstone is fouml 
eron'ntng the range. The hand of coaly shales is present but the coal is frequently 
absent and never exceeds 8 inches in thickness.’* 

Plate 2 of Simpson’s paper is a misleading and incorrect map. 
It shows the Baroch fuda as rising in the Baroch gorge and cut ojRf 
totally by a ridge from the Maidan Baroch and Khora Baroch 
stream.^. It also shows the coal seams as cropping out entirely 
within the Punjab; but his boundary line differs from that now 
shown on the latest one-inch map (See sheet 38 P/1). 

It will be seen that the coal seam does in fact crop out in the 
North-West Frontier Province by the “H” of “SURGHAR” in 
the Baroch gorge and to the west of ])«inl. 2,997 feet. The prominent 
peak 3,987 feet st ill further nortli is undoubtedly the liill “ Shaikh 
Nikka ’’ referred to by Simpson. Simpson’s Munple of coal No. 5 
is thus undoubtedly coal in the Nortli-W’est Frontier Province. 
He notes 2 feet 1 intdi of eual and 10 ineltes of coaly shale and his 
analysis of a sample from the coal band was as follows:— 


Moititurp 

nintt4‘r 
••ai'bon . 

Axil . . . 

Snixliiir 

l'«r cent. 

.fiiJU 
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.:i«a7 
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Tor A I, . I00-<K» 

.\kIi 

flaking quality 

. . . . . . . Itrnwfi. 

. . . . . . . Oaken poorly. 

This coal would be of good quality apart from its sulphur content. 
Unfortunately a deep pool in the Baroch prevented Oce and myself 


from following up the gorge to the place from where the sample was 
taken ; nor could wc drop down to the seam from above on account 
of the sandstone cliffs, so that the coal was not examined. 

Simpson has stated that the seam rapidly thins to nine inchea 
as it is traced iiorthwanls; and that towards Shaikh Nikka, the coal 
is frequently absent and never exceeds eight inches in thickness. 
However, it certainly seems worthwhile thoroughly testing and 
proving the area between the Baro(‘h and Shaikh Nikka; and to 
enable this to be done, every encouragement should be given to 
mining companus and prospectors. The total cost of proving* the area 
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from the Baroeh gorge northwards to just beyond the point 2,997 feet, 
which i« the most promising area, should not exceed Rs. 2,000—3,000. 

A smal] amount of lignitic coal occurs one mile east of Mira 
Kwand (32® 21': 09" 58') in the SpU Toi in South Waziristan in 

the carbonaceous shales which are part of the 
South gpj. 

ceous) series. Picked pieces of bright coal which 1 collected gave 
a very small percentage of ash (0*66), but the occurrence has merely 
scientific interest. 

Agha Abbas mentions an occurrence of coal beyond the Pir Karal, 
a hill to the north-west of Kaniguram (32® 31': 09® 5l'l; apparent¬ 
ly no details are given. 


Cbitral. 


Copper-ore. 

Tn 1921, Tipper had noted the presence of traces of copper as 
incrustations on cracks in the granite of Mirkanni at the foot of the 

Laorai pass in Cbitral. In 1922, he found 
that this granite extends on both sides of the 
Chitral river into Afghan territory on the south-west. Associated 
with this granite are basic rocks as dykes and segregation patches. 
The latter rcHsks are often serpentinised, and when they occur as 
segregation patehes, the granite in the neighbourhood contains 
coppt'r pyrites, ofUm decompostid to carbonates. 

When at Datta K'ncl Fort in North Wasiristan, I was given a 
specimen of impure (‘.iiprit4t, with malachite, that was said to have 

been obttiined from the Hpinchilla Narai 
(32® 55' : 09° 49'), a few' miles east of the Fort. 
The locality indicated the existence of the possibly Tertiary basic 
igneous complex w'hich I followed eastward over the Lwargi Narai. 
Details of the occurrence are w'anting; but it is interesting to 
r»M^all that 8p»‘cimens of calcite and ohalcopyrite, with malachite 
staining, from the Shawal region, Uppt'r Tochi, were sent to the 
Geoli>giual Survey of India in 1928 for identification. 


North Waziristan. 


Dolomite. 

A bonlder of white crystalline dolomite, found in the Zeran 
'fangi, a few miles east of Parachinar (33° 54' : 70° 6') in the Kurram 

Agency was forwarded to me by the Director 
of Agriculture in Gie North-West Frontier 


Kurran^Agcncy. 
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Province. The Zeran Tan^ here does not liave a very large water¬ 
shed, and then' seems little di>iiht that tin* dolomite forms part of 
the ? Devonian limestone series notic'etl by 0ott4'r in 1926. An 
analysis of the roek showed 20*42 pc*r cent, magnesia. 

Some of the sptH-imens of white ami grey marble, which I collected 
from the southern end of the hill Ohundai Tarako, which forms part of 

the Iwundary l^etween the. Mardan district of the 
sJa*”**" ^***0ci and frontier Province and Buiicr tract of Swat 

proved, on analysis, to be d«)lomites (see p. 18). 
The extent of the oceurrenct* of dolomite amongst the marbles of 
this ridge can only be gaugeil by extensive sampling in the field. 
It is possible, however, that a little .search will indicab* the existence 
of bands of relatively pur<* dolomite in commercial cjuantity. 

Fluorite. 

Fluorite was found by Tipper to be associated with realgar and 
orpinu'ut at IVIiigjishl t!oI in the Tirjch valley in 
Cbitral. (.^bitral. The* dejatsil has inineralogieal 

inb'rest. 


Gold. 

No ocenTTenoes in eommercial (|uantity of gold in iicfs 

„ . in the North-West Kroiflier Province are 

Reef* gold. , 

know'n. 

I was at Abbottabad in April, I9:t7, 1 was informed that 

gold occurs in the reefs near Tarhela (3t 7' : 72“ 49') on the, 

Indus river in the lla<.ara distriet, I prefer 

Haws stref. disbelieve this until J have seen aetual 

8|K!cimens : hut it. would ap|)ear that a .search i'<tuld be nifide in this 

locality for auriferr)UB reefs. 

• ¥ 

Gold also occurs in small (piantity in .a pyrit/ous mineral assoeiuted 
with a mineralisi'd limestone near (Jhar Bagh Fort (34® 7' : 71® 7') 

in the Khyber Agency; but the occurrence 

®r gency. Hmall amount that it likewise has 

merely minerak>gical interest. 

Gold definitely occurs in certain of the mjid volcanic rocks north of 
Injan Dheri (34® 14' ; 72® 17') in the. Mardan district, but in very 
^ ^ . .small (luantitv. The, quantity is less than 0*3 

grams per ton and so the occurrence has 


0 
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merely mineralogical interest; but is interesting in suggesting a 
possible source of some of the alluvial gold of the Kabul river and its 
tributary, the Kalpani naki, which has been washed in the past. 

The following occurrences of alluvial gold have been listed in 

. . my paper on gold in the North-West Frontier 

Alluvial gold. T, . 

Province. 


In Cbitral, gold-washing has been carried on from time immemorial, 
but it has been neglected during the last few years. Gold-washing 

is a State monopoly, and the workers perform 
their task in return for the small estate they 
enjoy, nev(ir exerting themselves to a great extent. No further 
cess or toll is levied on the gold. During the summer months, the 
Chitral river is in flood, covering all the sands on either side ; and 
in the winter months, the water is too cold to allow work to be done. 
Th(‘, result is thiat the working months for gold-washing are only 
fro?n the middle of September to the end of November in autumn, 
ajid from the middle of March to the end of May in spring, i.e., a 
f)eriod of about five months annually. The only tributaries of the 
Chitral river which carry gold are the Reshun Gol, Kuragh Gol and 
Homan Gol, all of which rise in the Phargam mountain. This 
area was visited by Tipper who traversed the Golen river an<l 
descended by the Reshun Gol to tlic Yarkhun (Chitral) river. He 
mapped the Phargam mountain as “ granite, gneiss, etc.”, and 
states that the typical Mirkhanni granite passes laterally through 
diorite into a doleritic trap rock. It would appear that the gold 
in the Phargam mountain which is responsible for the gold in the 
three named tributaries in the Yarkhun river, is in disseminated 
state through the igneous rocks forming the Phargam mountain 
complex; and it is extremely unlikely that one will be able to spot 
the source of the gold, or that the Chitral gold will ever be worked 
except when nature has concentrated it in river gravels. 


According to C. S. Middlemiss, gold is washed from the gravels 
of the Indus river above Lalogali (34° 16' : 72° 50'), near Kirpalian 


Hazara district 


(34° 17' : 72° 51'). It is interesting to note 
that- in his classic book on gold, Maclaren 


states that above Attock, and in the upper waters of the Indus, 
and in the Alakananda, are small gravel banks that were even then 


(I908][ worked. Much of this gold, he states, is probably derived 
fr.»m the Tibetan pdateau, since many of the Indo-Gangetic streams 
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have pushed tibeir way through the main range and captured some 
of the drainage channels of that region. 

Some of the betas or islands in the Indus, which are worked from 
time to time by the indigenous gold-washers, are partly in the 
Hazara district and partly in the Mardan district. 

According to A. B. Wynne, gold-washing is carried on during the 
rains in the Ten Toi near Banda Zartangi village (33® 17' : 71® 32'), 

. . . the practice being responsible for the name of 

Kohat district. ^ u • 

the village. The source of the gold is 

unknown, but I suggest that one or more of the conglomerates in 
the Siwaliks drained by the Teri Toi in some of its upper reaches is 
auriferous. Wynne also states that stream gold is washed in the 
Indus and that platinum is reported to occur with it. He adds 
that gold is washed for in the Eurram river. 

In my paper on gold in the North-West Frontier Province, I gave 
details of Colonel Noel’s experiments with the gravels of the Indus 

in the Mardan district. From these and later 
ar an sc. experiments we conducted together in April, 1939, 
it does not appear that the gravels of the Indus between Tarbcla and 
the Attock gorge are likely to contain alluvial gold in sufficient 
quantity to be worked on a commercial scale. At present the 
gravels are worked sporadically by the indigenous gold washers in a 
primitive fashion. If sluices were used, the yield would bo much 
greater, but even then the tleposits are not rich enough to work exten¬ 
sively. 

The gravel is collected in wooden bowls called •pallais. Each 
howl holds about half a cubic foot of gravel.^ Thirty palktis are 
taken to the natva^ a wooden tray 3 feet 6 inches long, 1 foot 
10 inches wide, inclined at 1 in 8, where the bigger stones are screened. 
Small stones about the size of an orange are placed at the lower end 
of the mim to prevent the sand being washed out. The smaller 
sand falls on to the mum and when'this is full, the sand is washed 
until about a cupful remains. This is mixed with mercury equal 
to a small pea in size. The sand is again washed until the pellet 
of mercury is left; but when there is still about a table spoonful of 
sand left, the mercury and sand are well amalgamated. The 
pellet of mercury is then wrapped up in a piece of cloth and about 

1 Actually the results given in this and the sutjoeeding paragraph require some 
modification. When CTolonel Noel and I conducted our experiments in April, 1030, we ' 
found that the gold-wMhcr.'t more usually planed about one<fifth of a cubic foot, and not 
one-half of a euldc foot, of sand and gravel in each pallai they took, * 

c2 
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half thft Tneroury is sfjiiefizcd out. Tho roniainder, with the cloth, 
is tli(‘n hiirnel on a fow live embrs. Tliff gold emerges as a nodule. 

About thirty jHillniH, equal to 15 cubic feet of gravel, were washed, 
giving three-(|uart-<Ts of a ratah of gold.^ Four U) five nan'aH are 
washed in a day, i.e.. approxinmtely 67 cubic feet of sand and gravel. 
At the time of Colonel Noel’s exp(?riment«, a ralah of gold was worth 
about Rs. 0-5-0*, and so, taking the day’s workings of the gang as 
about six ratahs, the value of the gold won daily was Re. 1-14-0. 
If the yield fell to one ratah per diem, then work was abandoned as 
being unproductive. The highest yield obtained from a day’s 
working was four mashas, or 32 ratahs. 

Gold-washing is carried out occasionally in the Kalpani nala 
south of Mardan (34° 12' : 72° 2'). T have referred above the 
possible source of that gold. 

Perhaps the most interesting Results of Colonel Noel’s earlier 
experiments were that certain of the gravels of the dry tributaries 

of the Indus river below Attock contained a 
et awar 8 r c . larger quantity of gold than the gravels of the 

Indus itself. Colonel Noel sent a sample of sand and gravel from the 
dry ravines leading to the Indus river some three miles below Attock 
to the Geological Survey of India, Calcutta, for examination and 
report-. This proved to contain 18*8 grains of gold per cubic yard. 
This averages less than 2 dwts. per 3 tons of alluvium, whereas 
it at jiresent only gays to work 2 dwts. per ton of alluvial ground 
on a large scale. It seems possibh; that these ravines below the 
Attock bridge may be worth prospecting thoroughly. 

It would appear that the sample from the dry tributaries which was 
sent to the Geological Survey of India in Calcutta was obtained from 
near Darwazai (33° 50' ; 72° 14'). It is understood that the Indus 
river has never been near t-he .site of tlu^ gold-washing experiments 
in these dry ravines, and so it is impossible for the auriferous sand 
and gravel to have l>een derived frcun the Indus river in its wander¬ 
ings. Accordingly, it would appear that these sands and gravels 
have been derived from the denudation of the Attock shales and 
slates which continue across the Indus from the Attock side, where 
they have been described by G. de P. Cotter, who remarked that 
quartz veins are very conjmon in these rocks. I noted the frequency 


* 8 ratahg^^l nmsha ; 12 mashat)=:l tola ; PC ratahs or 1 tola ==180 grains; 1 rntnhss 
1*875 grains; 24 grains^Bi dwt.; 20 dvls,— 1 oz. 

* Tl»^ luartel price for Indus gold was Rs. .30 per iola or Rs. 80 per oz. (Troy). 
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of quartz veuis when examining the steatitt! deposits along a fault¬ 
line in the Attock slates near Kund (33'*' 56' : 75J“ 14'). It would 
appear, therefore, that some of the quartz-reefs in the Attock slates 
ill the hills west of the Indus below the Attock bridge may be slightly 
auriferous. 


It may also be noUd here that gold-washing is occasionally carried 
out in the Kabul (Landai) river near Nowsheru (34° 0' : 72° O'), 
near the junction with the Kalpaui nala. The source of this gold 
may be the very slightly auriferous, acid volcanic rocks referred to 


previously. 

According to H. (J. Kaverty, quantities of 
Swat and tillgit. collected in Bajaur and Swat: 

‘They adopt auoilier jnode than washing the sands of tJic river, by half 
burying sheep-skins in the beds of the stieatns, alluwitig the wool free play and in 
this the particles of gold become entangled. 1 am tohl by (he Afghans of these 
Ijaits that the gold thus obtained is of a much paler yellow than that seen m the 
Punjab and in India, being almost straw colour. 

In the Clilgit valley, and that of Hunsci, uiul Nagyr, wlia h ojwii into it from 
the north-east, and also in Little Thibet, the ow is principally oblaincd hy washing.’ 


Elsewhere he says that no gold is found in the Swat river or its 
smaller tributaries, unless it be at their sources. 


Graphite. 

In his account of the geology of the Khyber lulls, Uricsbach 
has noted a metamorphic scries, of possible Carboniferous age, 

w'hich contains gruphiti layers, Tlie meta- 
Khyber Agency. m^rphic scries occurs iior< Ii of the Tor Sapper. 

He states that lavciidcr-colourcd clay-shulcs, vvitli beds of bituminous 
alum-shales, form several dktinct liorizon.s, winch contain numerous 
layers of graphite and graphitic .sliai(.»s. Fnmi my inspection of 
these near Shahidmena (34° 9' : 71° 17') uikI cast of Lowaraiaena 
in the Muilagori country, the occui‘i<;nc<*s do not apimar to have ajiy 
economic value. 


Gypsum. 

A zone composed of alternating bands of dolomite and gypsum, 
Den lenwil Khan ^ thicknes.s, was noted 

district. by Wynne in a cliff section near Baiduwali 

(32° 12' : 7r 6'), at the southern end of the Khasor range. 
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Plates of selenite also uccur in the Jurassic clays exposed on the 
southern scarp of the Sheikh Budin hills near Faniala (32° 15' : 
70° 56'); and at the base of the same scarp an exposure of the ‘ salt 
marl' was observed by Vcrchere, with some massive beds of gypsum. 

A band of gypsiferous shales, alternating with beds of limestone, 
occurring at the base of the upper Numinulitic group, was traced 
by La Touche from the Toi river in the south of the Shirani country 
to the Zao defile in the north, a distance of 24 miles. In a measured 
section at Zor Shahr (31° 42' : 70° 8'), about the centre of the band, 
12 beds of gypsum were counted, varying in thickness from a foot 
to 11 feet 7 inches, with an aggregate thickness of 50 feet. Nodules 
of gypsum also occur in the associated limestones. From my own 
inspection of sections in the Shirani country, I am on the opinion 
that the reserves of gypsum here are large. 


The occurrence of gypsuiti, forming beds or veins in the slate 

series, lias been recorded by Middlemiss. An isolated small exposure 

„ „ , was noted at Dowatta (34° 17' ; 73° 30'), 

Hazara district. i j- x- 2 a j 

and the discontinuous outcrop of a bed or 

vein between the villages of Bijora and Bari-ka-Bugla, passing along 

the east slope of the hill marked 6,462 feet (34° 10' : 73° 30'), where 

it reaches a thickness of 100 feet. 


An important development of gypseous beds in the upper i>ortion 
of the Eocene nummulitic series has been described by Wynne. 

The beds are exposed in all the ridges extending 
Kohat district. neighbourhood of Bahadur Khel 

(33° 11' : 71° 1') eastwards to the Indus, covering an area of about 
50 miles in length by 20 miles in maximum breadth. The gypsum 
occurs in discontinuous masses, which occasionally attain a thick¬ 
ness of at least 200 feet, and is associated with bands of clay, and in 


the lower portion with black shales strongly impregnated with 
petroleum. The colour is usually white or grey, but sometimes 
deep red, owing to the presence of iron. 


Thick beds of massive white and light grey gjrpsum overlie the 
salt bearing marl. According to Gee, the quantity available is, 
from a commercial standpoint, unlimited. He adds that minor 
quantities are also associated with the Upper Nummulitics, though a 
massive outcrop occurs near Panoba (33° 37' : 71° 64'). 

Gypsum is used for the manufacture of plaster of Paris, stucco, 
and various kinds of wall plasters and cements. In the tin plate 
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Bajaur. 


Bannu district. 


industry, g 3 T)suin is used for polishing the plates; and it is 

Oenerai notes. ^ded to water to give permanent hardness in 
brewing. The coarser grades of gypsum are 
used as fertilisers. At present the Frontier Province’s resources of 
gypsum are untouched; and it seems that attention could profitably 
be directed to the utilisation of this potential economic mineral 
which occurs in abundance in the Dora Ismail Khan and Kohat 
districts. 

Iron-orc. 

Ravciiy and Oliver mention the occurrence of iron-ores in large 
(]uantitics in the valley of the Panjkora river, especially, in Bara^l 

and in the. Laspur Jandawal hills. The iron 
is exported to Kabul, where it is said to bo 
gr(*atly (esteemed. The ore is believed to be magnetic iron sand. 

Iron-ore is said to occur in abimdan(;e among the hills to the 
south-east of Bannu (33® 0' ; 70° 40'). The metal is worked up 

at Kalabagh into nails, cooking utensils, etc. 
The ore appears to be an eart-hy hematite. 

Tipper noted abundant hematite in the quartzites of the Chitral 
slate series, half-way between Sanoghar and Mastey on the bank of 

the river, the ttilus slopes hero consisting of 
hematite-quartzites. Without fuel and at 

such a distance from any large centre, the iron-ores can have little 
value exc('pt in so far as they may be <d’ local* use. 

A band of earthy, concretionary or pisolitic hematite, asMo<'iat(d 
with felsitic brtjccia, was observed by Mitldlerniss on the north-east 

spur of Sirban Hii! (34° 7' : 73° 16'). In 

places the baml consi.sts of good earthy hema¬ 
tite, five to six feet in thickno.ss, which would be useful as an ore if fuel 
were available. 

Smith noted the occurrence of • concretions of very pure soft 
hematite in Middle or Lower Eocene sandstone beds at Miran Shah 

in the Tochi valley in North Waziristan. The 
quantity available is said to be sufficient only 

fur local needs. 

1 noted beds of slightly manganifetous limonitic iron-ore near 
Malik Shahi, west of Kotkai (32° 24' : 70° 2') in South Waziristan, 

in what arc probably Laki sbales. The 
amount Ls indefinite, the ore is poor and there 
is no good fuel nearby to work this ore, * 


Chitral. 


Hazara district. 


North Waziristan. 


South Waziristan. 
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I alw) TJoUwl abundant ferruginous concretions neiir Mangora Sar 
and Bol)alai, east of Lad ha Camp, in the Mangora Sar shales of the 
danjal Plant series. I’he indigenous iron-workers of Kaniguram 
(d2'’ dl' : 51') and Makin have prissibly used thcs(J concretions, 

t.og<ither with tlicj Kotkai linionitt!, as the source of some of their 
iron-ore; hut the coiwretions also liave. no commercial value. 

The, juanufacdiii'c of iron at Kaniguram has been described by 
Aglni. Abbas anil Vcr<;here. The latter oijserver .stal<es that the 
ore is a highly ferriiginous shale, occurring beneath nuiiiinulitic 
iimestoiut, and that apparently liincstoiK' is nscsl as a flux, though 
Ihe actual operatuui of smelting was not witnessed. Sp<‘ciniens of 
the or(^ collected by Stewart proveil lo be calcan'ous liinonibi, 
containing from 31*8 to 40*4 p<*r cent, of metal. 

Lead-ore. 

Tippi'r noted a deposit of jamr^sonite, a sniphantimonite of lea<l, 
live miles south of Awi in qtiartzite abutting on a high ridge of 
Ch'tral white crystalline liinc'stones, which are strongly 

siliceous and partly doloinitic. Attempts 
have been made, to utilise the mineral locally as a source of leml, 
)ml< without any great suc,cess. Unfortunately, unless tlu^re is a 
considerabh) percentage of silver in tin; ore, jamesonitc is not usoil 
as a source of antimony. 

Galena, the sulphide, of load, is rarely found alone in (jhitral, 
being usually accoinpanie-d by bleiul, pyrites, jumesonib*, etc. 
Tipper noted galena at the following localities: the ridge between 
Shot and Shagram; tl»e ridge between Dlioni and Gokshal, 
up the Ohitral Gol; 11 luilcs up the Galuret Gol; near 
Vakdey ; and near Andraghach. With the exception of the first, these 
deposits are small and irregular, tlui galena occurring at patches or 
scattered crystals in quartz or other miiK'Tuls. The. deposit between 
Shot and Shagram has been iniued ; but many of the ohl pibs are 
now obscured. The vein, which carries pure galena, runs paralhd 
to the strike of the. shales and has a dip tanTespouding bj that of the 
shales. This tlip is high,, 57° b) the S. S. E. The excavation 
shows that the vein is variable in thickness from 2 inches to 18 inches, 
the mineral occurring in a soft calcareous clayey matrix which is 
easily excavated. The pit seen had been carried down to a depth 
of 60 feet on the dip. The amount of material available is so small 
that it can only have local value. 
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Zinokenite, another lead snlphantimonite, has recently l>eeu mined 
and exported from Chitral (sec Table '2, p. 11). The mineral is 
supposed to occur at Shaghor and the mining lease is held by a 
Mr. Parekh. No further details of the occurrence arc available. 


Chitral. 


Manganese-ore. 

Tipper in 1921 noted in basic patelies oceurriiig as segrogationH 
and dykes in the Mirkhauni granite in ('liitral, near the village of 

Darnel, masses of a soft black mineral which 
proved on examination to be mangancMc-ore. 

A bed of flattened concretionary nodules, emisisting of liiiiestonc 
impregnated and partly replaced by luauganese oxide, was found 

in 1906 by Amin Khan, a student at the 
Cawnpore Agricultural Oollege, on the western 
slopes of Tajut Hill (Taghoot Sir; 33*^ 31' ; 71° 12'), two miles to 
the south of Ibrahim Zai in the Kohat district. 


Kohat district. 


Mica. 

Tlic Geological Survey of India were, r(5C<‘ntly informed that an 
application had been made for a lejisc* l-o mine mica and b(5ryl from 

a small area near (liddarpuf (34° 28' : 73° 8') 
Hama s cl. Hazara district. Details of the «>ccur- 

rence are not known, but it is [lossible tliat the area will bc! visited 
by the Geological Survey of India in tlu) field season. There 

is no reason why workable deposits of mica should not be found in tint 
pegmatites accompanying Hazara granite, though such have so 
far not been met with. 


Mineral Waters, 

'I’lnw are iimuincruble springs throughout the North-West 
Frontier Province; but 1 know of none which has special miur'ral 
contents. However, by bringing the matter to the attention of th^^ 
district and State authorities concerned, and by analysis of samples 
of various waters, much useful information can be obtained. A 
survey of the mineral springs of India will commence in the 1939-40 
field season, and in due course the springs of the Frontier Piovince 
will be examined and reported upon. 
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Nickel-ore. 

Itt the course of a preliminary traverse througli North Wazirisian, 
[ colhicted a specimea of serpentine from three-quarters of a mile 
^ ^ ^ , E. S. E. of Pai Khel {32° 58' : 69° 60'), near 

ort az r s an. Datta Khel road, with a 

“ hloom ” that was found to contain nickel. The specimen does not 
indicate the o<;currencc to have any economic value. It was also 
tested for (x>balt and chromium with negative results, though a thin 
section of the serpentine showed possible chromite in minute flakes. 


Chitral. 


Kohat diatrict. 


Ochres. 

The decomposition of the pyrites in .the Sankol shales lias led 
in the formation of small deposits of red and yellow ochre, 'rhe 

latter occur close to and along small springs. 
These deposits are used locally as colouring 
material, but Tipper states that they are too small to have any other 
value. 

Oil-shale. 

Oil-shale occurs in the Kohat district at Banda Baud Shah 
(33° IG' : 71° 11'), Dharangi (33° 16' : 71° 13') and Kark (31° 7' : 

^71° 5'). As a result of my examination of 
these, I concluded that if one seeks a source 
of fuel—carbonaceous or petroliferous—in the North-West Frontier 
Province, one must turn elsewhere than to the oil-shales of Kohat. 
I added that even if the oil-shales were of possible economic value 
in view of modern methods of low temparature carbonisation, the 
structural conditions under which they occur are such as to preclude 
any attempt to' mine or quarry them on a conmiercial scale. 

There are two bands of oil-shale cropping out along the right 
bank of the Tarkha Algad, north-east of Kark, mterbedded with 
massive and thin-bedded gypseous shales; the upper band is 
some ten feet thick, and the lower band thicker, but only the upper 
four feet seems to be bituminous. This ? Laki oil-shale and gypseous 
series occurs just above the salt marl and it is very contort^. The 
same sequence can be traced westward to the salt mines north-west 
of Kark. A sample of the oil-shale sent by the Director of Agri¬ 
culture? gave 38 gallons of crude oil per ton of shale and the tar of the 
crude oil gave a yield of 6*13 lbs. of ammonium sulphate per ton of 
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shale, the yield of tar and ammonium sulphate being low compared 
with specimens from Assam. 

Two bands of oil-shale, associated with a gypseous series, and 
occurring just above the salt marl, were noted in the Dharangi 
stream after passing the Kirthar limestone, which is faulted against 
the 1 Chinjis south of the hills. Here, also, the beds are very con¬ 
torted, though, as at Eark, oil-shale can generally be seen along the 
stream course owing to undulations and puckering of the strata. 
A sample of the more carbonaceous shale gave 8 gallons of crude oil 
of specific gravity 0*88 per ton of shale, equal to 3*2 per cent, of 
crude oil by weight. A second sample from higher up the stream 
gave 0*9 gallons of crude oil per ton f)f shale. Further upstream 
still, I noted the oil seepage described by Pascoc; this is higher in 
the sequence than the oil-shales mentioned above, but the structure 
of the rocks is not such as to indicate, any possibilities of finding oil 
here in commercial quantities. 

Five furlongs E. N. E. of Banda Baud Shah, in the Laki scries 
immediately underlying the Kirthar Nununulitic Limestone, 1 noted 
oil-shale associated with (»iitorted, massive, thin-bedded, gypseous 
shales north of the E. W. fault which separates the Lower Eocene to 
the north from the ? Chinjis to the south. These are the same 
rooks as at Dharangi, the strata, however, being interrupted througli 
faultitig and other causes. A sample of the oil-shulc gave 17*9 
gallons of crude oil of specific gravity 0*90 per* ton of shale, equal to 
7*2 per cent, by weight of crude oil. 

Petroleum. 

As far as is known at present, there is m^thing to indicate that 
petroleum occurs in sufficient quantity in the North-West Frontier 

Province to b® worked commercially. Three 

Ismau'iChtit^diltricit*'^* drilled by the Indo-Burma 

Petroleum Co., Ltd., on the northern end of 
the Marwat range, eight miles west of the Kundal (32° 35' : 71° 18') 
seepage. The first well was abandoned and plugged at 3,662 feet 
and no oil or gas was encountered. The second well was abandoned 
2,410 feet and no oil and gas was encountered. In the third well, 
again, no oil or gas was encountered and the well was abandoned 
at 2,614 feet. 

In the continuation of the Trans-Indus range to the west of Pezu 
(32° 18' : 72° 42'), a considerable gas seepage occurs at the faulted 
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crcBi of fill anticline in Siwalik rocks. However, the usual source 
locks of the oil arc believed to be absent in this region, and the gas 
may be associated with lignitic deposits of Mesozoic age. 

Samples of oil from Mughal Kot (31° 27' : 70° 5') in Sliirani 
country were examined in Calcutta and pronounced of excellent 
<(iiality. However, the prospects of obtaining oil in paying ijuan- 
tilies are considered unfavourable. 

'I’est wells have been drilled inisuceessfully 
KoIihI ilisirkt. near Panoba (33° 37' : 71° 54') in the Kohat 
district. 


(ieiieral notes. 


ICvery possible assistance should l»e given by the Local Govern- 
iiu*nt to coiiipauie,s of good standing which wish to prospect and 

prove the petroleum resources of the province, 
it is quite possible that geophysical means of 
prosp(i(iting may lead to the discovery of structures l)eneath the 
alluvium which are suitable for the retention of oil and gas. When 
tlmse an; discov<‘n;d and it is desired to test them by drilling, 
e.v(!ry possible (;ucourag<jment should be, given for the succ(;ssful 
pros<;cution of this work. 


PlaUnum. 


A. H. Wyiim; staU'ji that- platinum is reported to occur with stream 
gold washed in the Indus, ? in the Kohat 
district; but no details are available. 


Koiiaf district. 


Precious Stones. 

While in Chitral, Tipper discovered that a large area in the western 
part of the. State, forming the high ground between Afghanistan 
Chitral (Kafirstaii and Wakhan) and Cliitral, is com- 

{)used of garuetiferous and ohiastoUte-bearing 
sehisis with hirge nuisst's of granite intrusions. These intrusions 
ar(‘ \’arial)le, in size and mode of occurrence, and are generally tine- 
gi‘aine<l. The intrusions sometimes occur parallel to the planes of 
sehistosity, but at other times cut through the schists at all angles 
converting the mass into a breccia on a large scale. In one of the 
coarst‘r intrusions at Sirwigh-o-gaz (12,000 feet), a summer grazing 
ground on the road from the Lutkuh to the Arkari, beryls occur. 
A few beryls of poor quality, white and badly flawed were seen 
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in situ. In the .««aady debris below the rock, poo 1 hexaponal crystals 
can be found in considerable quantitit'S. These are of very pleasinp 
colour, the majority being rather badly cracketl and containing lines 
of inclusions parallel to the basal cleavage. Some of the specimens 
are, however, almost of gem quality and the loc.ali1y is worth further 
prospecting. 

In Ohitral Tipper also found that garnets are widely developed 
and occur in the banded gneisses, in garnetiferoiw schists and in the 
granitic rocks cutting the latter. Many of the garnets are of 
pleasing colour, but arc usually l/oo flawed to be of value as gem¬ 
stones. 


Application was recently made for a mining lease, for the extrac¬ 
tion of beryl, as well as mica, from a small area near (xiddarpur 

(34° 28' : 73° 8') in the Hazara district. 
Though no furtluu- details are at present avail¬ 
able, it is hoped that this locality will be visited by the (Jeological 
►Survey of India in the Mt3{)-40 fielrl swison. 


Hazara diftrict. 


Salt. 


Kohat district. 


The salt of the Kohat distrw'-t is being developed by the Northern 
India Salt Department; and presumably the amount produced is 

regulated by the requirements of that Depart¬ 
ment and are controlled 'by various factors 
entailing a consideration of output on an all-India basis. 

According to Ija Touche, allusion to the existence of csxtensive 
beds of ro('.k-salt in the district was made ui 1843 by Aglia Abbas 
and later by Verchere and Oldham; but it, was not until the year 
1874 that an adequate description was published. In that year, a 
report by Wynne and Warth was drawn up, giving a complete; 
account of the geology of the region a'nd of the economic development, 
of the, salt. 


The rock-salt occurs in beds of grojit- thickne,88, measuring in one, 
instance at least a thousand feet, at a single distinct horizon over- 
lain by nummulitic limestone. The beds of rock-salt are, exposed 
in the axis of a series of narrow, cliiptic,al, anticlinal folds, so that 
the outcrop is never contmuous for any great distance. The salt 
is of great purity and differs from that of the Salt Range in being 
greyish in colour and not possessing a reddish tint. • 
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The salt occur» at Jatta (33° 19' : 71° 17'), Bahadur Khel 
(33° 11' : 70° 67') and Kark Kharak (31° 7' : 71° 6') on a scale 
sufficient to supply the local demand, including export in the Trans- 
Frontier tract and Afghanistan. According to Gee, the annual 
output from these three places is about 21,000 tons. Figures for 
the production in the Kohat district are given in Tables 1 and 2 
on page 11. 

At all three localities, the salt is worked in a number of small 
quarries and is extracted by hand. Bands of clay and sand are 
intercalated with the salt. The deposits near the surface are so 
extensive that working to any appreciable depth is unnecessary. 
Formerly salt was also quarried at Malgin (33° 18' : 71° 30'), 13 
miles east of Jatta. Gee states that there is no doubt that there is 


sufficient outcrop salt at the above-mentioned places and at other 
fairly accessible localities to meet the demand by quarrying only for 
many decades. 

A report having been received to the effect that salt was being 
manufactured in Waziristan, an officer of the Northern India Salt 


North Watiristan. 


Revenue Department visited the locality. He 
reported that the salt site is situated at Arap 


Kot (32° 44' : 70° 15'), which is on a bend of the Shaktu river just 


within North Waziristan and is some 20 miles north-east of Sara- 


rogha Fort (South Waziristan). It consists of a small spring of brine 
emanating from a conglomeration of stones and clay at an old sub¬ 
sidence above the *bed of the Shaktu. No sign of salt marl or 
exposure of rock-salt was observed. 


Steatite. 

An exposure of soapstone, or steatite, occurs less than a quarter 
of a mile north-west of Kund (33° 66' 72° 14') in the Nowshera 

^ ’ tahsil of the Peshawar district. There seems 

Peshawar district. , , , u. .• i 

to have been alteration by magnesium 

and siliceous solutions of the Attock slates, which have 

approximately an E.-W. strike. When I visited the occurrence, 

I noted that the zone of alteration follows the foliation direction 

of the shales or slates towards the Katti Miana occurrenees. White 

reef-quartz occurs in the zone of alteration. The soapstone has 

been quarried and mined for some considerable time; but the pits 

have now mostly been filled and it was impossible for me to ascertain 

the extent of the ancient working. The material has been used 
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locally for soap-xnaking and for white-washing after being powdered. 
It is much purer than the Katti Miana oocurrcncc. 

Half a mile north-west of Katti Miana (33*^ 66' : 72® 12') along 
the continuation of the strike of the Kund deposit described 
above, there are some pits in the precipitous sides of a hill on the 
right bank of the Katti Miana stream flowing north-east to 
join the Kabul river by Nihalpur. The Attock slates are badly 
crushed here. The local inhabitants used to quarry impure soap¬ 
stone mixed with shale shingle. This was powdered and mixed 
with water, so that the material remained in suspension and the 
shingle fell to the bottom. Then the suspensoid was made into 
cakes, which were sold at an anna a seer and used for wliite-washing 
houses, etc. Although greenish when quarried, the material bwiame 
whitii when jwwderc'd and dried. 

I (concluded that there would be little purpose in spending money 
to dcv(‘lop and prove the Kund deposit, unless it be t4» supply a 
purely local market, as the (pialiiy and quanriiy <Hnild not hope to 
compete with the better <l(‘po.sit8 at prtwnt being workeil in India 
elwwhere. 


Sulphur. 

On the left bank of the Arkari, opposite the village of Mujhi- 
gram, a small deposit of sulphur, contaminated by earthy matter, 

was obwirved by Tipperj* Hulphureik'd hot 
.springs are of common occurrencti in the neigh¬ 
bourhood of the granite intrusions in Chitral, and Tipi)er was of 
the opinion that the sulphur has been deposited from one of these 
springs. The deposit, though interesting, has no appreciul)le econo¬ 
mic value. The suljdmr has been used locally for the manufac¬ 
ture of gunpowder. 

A sample of crude sulphur was pecciv<^ recently by the Imperial 
Chemical Industries (India), Ltd., which was believed to have 
conke from Chitral. It consisted of a portion of a block cast in 
a mould, and apart from the lower layer, which contained a large 
proportion of impurities, the balance appeared to be of good quality. 
The following two analyses of the sulphur extracted and moulded 
were made by the firm in question and are repr<xiuced here with 
its permission. It should be noted that there is a considerable 
amount of impurity in this prepared sulphur which has settled 
to tlu* bottom of the prepared block. It has also beeft statrkd 
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that tlic arHonic- cont<*nt j^ven must lx; regarded as an indication 
only, an<l not an amiratc analytical figure :— 



Lowks laykh. 

Uffkk laykr. 


a 

Approximately 

20 per cent of 
total thicknesR. 

Approxiniatdy 
80 mr cent of 
total ihicknefla. 


Per cent. 

Per cent. 

Lofm at 100"0. for one; hour (iiiointure) 

0-90 

0-08 

Non<vo]atilr matter (nab) . 

1508 

0-46 

Sulphur 

84-0 

00-4 

C^hlorides an Na Cl . 

006 

0-03 

Acidity as H, 8O4 .... 

004 

0-02 

^trBouic ...... 

I.es8 than 0-04 

0-04 

Organic matter (approximately) 

0-67 

0-1 

Total 

100-78 

100-13 

Appearaooo (colour) 

Greenish 

YellowiBh 


Tt is possible that this sample was obtained from the Mujhigram 
area, but confirmation is lacking. 

Tipper also found that a large area in Chitral on the borders 
of Afghanistan and between the Lutkuh and Arkari valleys is 
occupied by garnetiferous and other schists, cut through by granitic 
intrusions. At many places these schists contain patches of sul¬ 
phides, chiefly pyrites and pyrrhotite, accompanied by what ap- 
appeared to be lollingitc;, the arsenide of iron. The minerals 
weather out in nodules covered with a thick akin of iron oxides. 


The minerals were tested for nickel with negative results. It 
would seem, therefore, that these mineral patches, generally small 
in extent, are of very little value. Tipper also noted a vein of 


pyrites, a quarter of an inch wide, in granite in the Barzin valley. 
Tra<;es of sulphur were ob.scrv(*(l by La Touche in Upper Num- 


Dera Ismail Khan 
district. 


mulitic beds near Dornunda (31° 30/ : 70° 14') 
in the Shirani country, apparently formed by 
the decomjKWiition of iron pyrites. 


Sulphur pits were formerly worked in a band of pyritoiis (alum) 
shales Ipng below a limestone s(;arp on the weatem bank of the 


Kohat district. 


Indus river near Khushalgarh. The mode of 
occurrence of the mineral at Luni-ki-kassi 


(33° 36' : 72° 1') and at Panoba (33° 37' : 71° 54') was des(;ribed by 
Lyman in a supplement to his repori on the Punjab oU lands; and 
at Gunjhlli (33° 25' : 71® 60') by Wynne. The sulphur is produced 
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by the decomposition of the pyrites in the shiiJea, which appear to be 
very carbonaceous, and collects in its . native form on the sides 
ol small crevices in the rock. It was extracted by a simple 
process of sublimation in earthen vessels, one being placed on the 
fire and anothei- inverttMl over it mouth tf> mouth, so as to eatch 
the fumes. 


Mardait distrk-t. 


Wynne mentions the appearance, of once exttuwivc sulpliur or 
alum works on the right bank of the Indus near Dandi hill station. 
These are situated on the road from Ghoriakki to Dandi (33" 36' : 
71" 59'), about two miles from the latter. 

Pascoe mentions that .sulpliur pits about l.OtK) yards ea.st of 
Panoba village usihI to be worked befon* tiu* llritish Kiilo. 

I liave been informed that pyrites tMcurs as a vein in a well sunk 
at (iandal (34 7' : 70' 41') in tJadiin tribal tiTritory, and was 

shown a sjieeimen said to have been e.olltH‘ted 
from the dump of the w«'ll. It was added that 
the thickness of the vein was niin* feet, an obvious exaggeration, 
and that samfih's. pr<‘.sumably from the dump and not from the 
actual vein, have been taken to IN'shawsr for trial. It was not 
possible fur me to visit the area, but an examination may be made 
during the 1939-40 liehl season, 'fhe economic importance of a 

large vein of pure pyrites would be great. 

Pyrites occurs as small crystals and con«ir<*tious in certain of 

the sliales, lime.stones and schist.s in South VV;i/.iri.s1,an, Peshawar 

„ , . district, Mardan district, Kohat district, etc., 

South WazirliUsn, etc. , , , 

but the.so occurrences Jiavi; no (tctnuiniK; value. 


Bannu district, etc. 


Water-supply. 

The Bannu, Dera Ismail Khan and Kohat rli.strictH arc greatly 
in need of sclwunes that wdll ilevelop their 
scanty restiurces of surface and underground 
water-supply. Each area has to be considered i i the light of its 
own peculiar geographical atid gcoh^ical conditions. 

As 1 consider one may distsount the economic possibilities of the 
Dore river coal, I invite attention to the hydro-electric possibilitiesr 

of the perennial streams in the Haxara dis¬ 
trict ; a glance at the degree sheet 43 F will 
show how well the district is providefl with these. The Doire river 
would be rather difficult to dam at some such place as just belbw the 


Hsxara district. 
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junction with the Hamow nala. Though the Nummulitic lime- 
Btone on the right bank would ofEer a good foundation, a fold-fault 
ruuH along the course of the stream. Damming would flood the 
lower part of the Harnow and would cause such expense in the pro¬ 
vision of bridges, etc., for the Abbottabad-Nathiagali road. Also 
the stream is very subject to spates and enormous amounts of 
detritus are carried down by it. 

The Harnow nala, apparently, has a pereimial flow. It lias a 
very steep gorge which should be easy to dam b«^low Jhafar without 
iniHuiating any land of value. Whether the capacity of such a dam 
(provided the extent of the flow of the Harnow wouhl be sutficieut to 
replenish the supply) would suffice to provide power for the Ha;sara 
district is a matter for the engineers concerned. 

In my opinion, however, recourse could very easily be made to 
the more suitable stream, the Kunhar, along the course of whii'h, no 
doubt, suitable alternative sites could be found for dams which 
would easily supply the whole of the Hazara ilisfrict with power. 

The surface water-supply is developed in the Peshawar and 
Mardan districts by the Upper and Lower Swat Canals. However, 

much of the water in these canals and the 
*"** ^*^’**" distributaries is wasted by the lo<ial inhabitants 
and the problem of preventing this waste has 
occupied the attention of local authorities for some considerable time. 
One of the suggestions that seems to liavc much in its favour is the 
proposal to lower the levels of these canals and their distributaries, so 
that it would not be possible for water to flow on to the land of the 
local cultivators. In other w'ords, all water would have to be pumped 
to the land and a charge made for the amount of water consumed. 
Besides preventing waste and waterlogging of arable land, this 
method has the advantage of providing a good load for the 
power of the Malakand hydro-electric scheme. 

There seems a little doubt, also, that the scanty local surface 
water resources of the Pcshaw'ar and Mardan districts could be 
conserved by dams constructed so os to impound flood water to the 
north of the Upper Swat Canal. The utilisation of the water so 
impounded would mean that more water w'ould be available than at 
present during the period of greatest demand on the canals, i.e., 
during September and October. One possible site for such a dam 
would be across the Badi Khwar where it meets the Machai branch 
of thd Upper Swat (hmal. 
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Tn a recent paper, I have diHcuastMl the uiKlergroimd water-supply 
of the Pesliawar and Mardan districts and added an appendix on 
the Kohat valley. Amongst the jioints discussed therein are the 
question of a piped water-.siipply for the town of Hoti-Mardan, which 
is very urgently needed, and the further development of water 
resources of the areas north of Machai branch of the Upper Swat 
Canal. Amongst areas singled out for particular attention may be 
mentioned the Kharkai, Khui Barmol, Upper Katlang, and Upper 
Kustam valleys. 

POSSIBILITIES OF MANUFACTURE OF CEMENT. 

I have outlined the possibilities of the manufacture of cement 
in the North-West Frontier Provineo in a letter sent to the Hori’ble 
the Chief Minister in Novemi'cr, 1938. 

Portland cement is .so greatly more important than any other 
cement of its clas.s that I slmll cjonfinc! most of my remarks to it. 
it consists of a mixture of (compounds of lime and silica and of lime 
and alumina. These are the essential consituents, but it commonly 
contains in addition loose c.om}>ounds of lime with ferric oxide, 
magnesia and small quantities of inert insoluble silic^a or silicatsw, 
alkalis and sulphates. Except when perfectly calciruMl an<l abso¬ 
lutely fresh, it also contains a little water and carbonic anhydride 
absorbed from the air. The ultimate compi>8ition of Portland 
cement varies with the nature of the raw materials from which it 
has been made. The limits laid down by the British Btandaril 
speciH(;ation are as follows: -the proportion of lime to silica and 
alumina shall not be, greater than the maximum nor less than the 
minimum ratio (oalculattid in chemical equivalents) represented by 

or 2*0 rcsTMJCtively; the percentage of insoluble 

ol Uj't Alj Uj “ 

residue shall n<tt excee<l 1*5 i)er cent. ; and the total sulphur content 
calculated as sulphuric anhydri<le (HOg) sliall not exceed 2*75 per 
cent. The total loss on ignition shall not exceed 3 per cent. 

As would be expt'cted, the raw materials from which Portland 
cement can be pn^pared are of the most varied description. Chalk, 
limestone, or any other approximately pure form of calcium carbonate 
on the one side, and clay, shale or any typical argillaceous material 
on the other, are burnt together to produce Portland cement, 
provided that the product has a composition within th^ limits 
already laid down. It follows, naturally, that aubstanoea which 
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contain both calcium carbonat-e and clayey matter, such as cal¬ 
careous shales and argillaceous limest<>neH, can be similarly used. 
On this account, and bcffause of the low price of the manufactured 
article, and the consequent high ]>roportion which freight bears to 
the total cost at the point of consninptiou, the manufacture of 
Portland cement is not coidined to any particular spot, but is 
successfully undertaken vvher(iver d<‘posit.s of suitable raw' materials 
(K*cur, jfirwided the cost of fuel is not extravagantly high. The 
quality of Portland (cment and its suitability for building purposes 
is ascertained by vaiious mechani<;al tests and by its chemical 
analysis. The analysis shows whethf*r the constituents fall within 
the recognized limits stated above, and detects the presence of 
adulterants such as blast furna<;(? slag. et<;. But as it is impracti¬ 
cable to make a prou^intufe analysis ofIh>rtland cement, the ordinar}' 
a>»alytical iigures w’ill not indicate whether the raw mateiials have 
been suirudently intimately mixed an<l sufficiently thoroughly burnt 
to form those cenumtatious siibstaTUTs constituting sound and 
serviceable Portland cement. This <|uestion, how'cvcr, can be 
sfaisfactorily settled by physical and mechanie,al tests, which are 
lai<l down under Britisli Standard speeifieations. 

The original object of manufacturing P<»rtland cement and similar 
substances was to obtain a material w'hich w'ould both set aiul would 
resist the action of water. But it was soon found that tins great 
mechanical strength ‘of Pori hind cement made its use advantagtanis 
even when it had not to he exposed to water, and at the present day 
it is the structural cement most commonly used ; and on account 
of the great decrease in cost of modern manufacture, it tends to 
displace all other hutldiug cements, including common lime. 

With these preliminary remarks, we may now consid(‘r l(K;aI 
conditions. Portland cement is being manufactured at the eastern 
tennination of the Hasan Abdul hill, in the village area of Wah by 
the Punjab Portland Cement Co., J^td. The raw materials used are 
l.Aki limestone from the Hasan Ahdul hill, showing on analysis up to 
98 per cent, of calcium carbonate, alluvial clay, which is dug up 
close to the works, and gypsum, which comes from Khewra in the 
Salt Range. The limestone and clay are mixed in the proportion 
of 3 : 1. The raw materials are crushed and ground with water to 
prodw^e a very fine slurry, which is burnt in three rotary kilns at 
a^ut ‘4800®F. The burning is carried out by firing the rotary 
kilns with pulverised coal and the resultant clinker produced is 
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then ground in compound mills to form cement. During the 
grinding operation, gypsum is added t<o the clinker in a very small 
amount in order to control the seitiug time. The fuel utilised iB 
the friable cr>al from the Simpson gnmp of luinex of the Makerwal 
Coal Co., Ltd., at Trag in the Miaiiwaii district of the Punjab. On 
account of high freights, the i>oorer. but nearer, Trans-Indus Salt 
Range coal from Trag is able to compete suwjessfully with the better, 
but more distant, coal from Bengal and Bihar. However, the 
manufacturers have found also that the softer coal from Trag has, 
in fact, certain advantages and they have modified their manufac¬ 
turing process accordingly. 

I have noted above the desirability that the (tost of fuel should 
not be extravagantly high. When the question of th(5 est^thlish- 
incnt of a cement works in the Frontier Pnjvince is being considered, 
the point that immediately arises is th(*- sonnio of supply of fuel. 
In my several reports t<.» tlu^ flovernnient of (Jie North-West Frontier 
Province, 1 have pointed out the absenre of any assured supply of 
coal of goiwi quality. 1 have visited the, Haxara wciirremies and 
<*oncluded that even with modern nietluxls of low temperat.ure 
carlnmisation, and of washing the possibilities of the Dore river 
coal being workwl on any c-ommercial scale may bo discmuiUHl. I 
(concluded that as a potential soun,<* of fu<*l for tlwi Nort.li-West 
Frontier Province, the Dore river <ioal may be ruled out. In any 
ca8(‘, the freight of the Dore river coal, were it Vv(ir worked, would 
be at IcAst equivalent to that, to the Trag coal of the Punjab. 

I have recommended that ♦‘fEc)rts slmuld be directed tfwards 
proving the. c<mi 1 to the north of the Hur<K!h gorg«' in the Kohat 
district, but that coal would, if proved, have to be workeil from the 
Punjab (Mianwall) side. .4s 1 have sbitcfl elsewhere in this pajHfr, 

I understand that the Makei^val Coal Co. have a le,aSe. of this area 
and have been prospecjting it, together with other areas in the, arljoin- 
ing part of the Mianwaii flistri« t of the Punjab the north of thier 
present mines at Trag. 

If a cement works were establishe/l in the. Frontier Proviiva*., 
then as 1 do not <3on8ider the Kohat oil-shale new] be (*,onsidered in 
this connection, the. fuel for the maniihmtiire of the c;cment would 
either have to be brought by rail from Bihar or Bengal or from the 
Mianw'ali district of the Punjab. The freight from the latter area 
would be less, but the pit-head price of the coal would be. higher 
than that of Bihar or Bengal coal on account of the methods of 
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extraction used. Also there is the question as to whether the 
Makerwal (loal Company could guarantee to maintain a sufficient 
supply of coal to satisfy the Punjab Portland Cement Works at Wah, 
th<} new proposed cement works in the Frontier Province, and also 
the Coal Company’s present customers in other parts of the Punjab 
to whom they supply coal for brick manufacture, etc. The proposed 
works in the Frontier Province would be entirely dependent upon 
supplies of coal from here as, presumably, it would be uneconomic to 
import coal from Bengal and Bihar. In any case, the cost of Trag 
coal delivered to any part of the Frontier Province will be greater than 
what that same coal costs the Punjab Portland Cement Co., Ltd., 
at Wah. However, the incnmsod cost of fuel can be offset against 
the leaser freight that the Frontier Province proposed works would 
have to pay to deliver its finished product to the consumer, if he be 
in that part of the Frontier Province west of the Indus. 

Turning to the question of raw materials, there is abundant 
limestone in the Frontier Prcjvincie, in close proximity to which J 
*have little doubt suitable clay or shale will be found. One calls to 
mind the large limestone ridge on which the liill-station of Cherai 
is built, the limestone and marble ridge forming Ghundai Tarako 
on the border of Swat and the Mardan district, the marble and 
limestones near Swabi, other possible supplies between Swabi and 
Jahangira, the very large supplies of the Mullugori area and other 
parte of the Khyber Agency, and the numerous limestone hills of the 
Kohat district. With the exception of the Khyber supplies, which 
may be debarred on strategic grounds, none of these supplies are 
very close to the main railway line to Peshawar. Supplies of 
gypsum which is used, amongst other uses, for the manufacture of 
various kinds of wall-plasters and cements, could undoubtedly be 
obtained from some of the Tertiary beds in the Kohat district; 
even if supplies are not readily available from here, they could be 
imported from Khewra. 

Howevei*, it will be gathered that 1 am nut at all optimistic that 
a cement works in the North-West Frontier Pn>vince would be able 
to compete successfully 'with the Punjab Portland Cement Co. at 
Wah in the Attock district of the Punjab. 

SUMMARY. 

It must be admitted that the North-West Frontier Province has 
been unfavourably blessed by Nature with supplies of minerals of 
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economic importance, excepting aa regards building stones, which 
are composed chiefly of limestone and marble. Its list of mineral 
resources does not make hopeful reading and it is, indeed, hard 
to suggest 'minerals, to the development of which activities cmild 
with advantage be directed. Tt has abundant power available 
from the Malakand hydro-electric scheme, which has been function¬ 
ing now for a few years, and every encouragement should be given to 
industrial enterprises which wish to take advantage of this power. 

The development and proving u{ the coal of the Surghar range 
on the border of the Kohat district with the Mianwali district of the 
Punjab, should be undertaken or encouraged as soon as the results 
of the present survey by tJie (Geological Survey in the latter district 
are known. The limestones of the Province occur in almost inexhau¬ 
stible amount and it is well blessed by deposits of good quality white 
statuary marble. The latter should be carefully conserved and the 
handsome banded marbles, which occur in great abundance, should 
preferably be used for ordinary building purposes. The gypsum of 
the Koliat district could possibly be ilevcloped by the establishment 
of a local industry. And, Anally, considerable attention could and 
should be given to the development of the surface anti underground 
water-supplies of the districts of Peshawar, Mardan, Kohat, Bannu 
and Dera Ismail Khan. The establishment of a c«ment works is 
not advocated. 
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INTRODUCTION. 

In view of its impoitance, the problem of the most efUcient 
technical methods of utilising coal has become of fuo<iamental 
interest in many countries in Europe and has been engaging the 
attention of the (Government of India and others in this country. 
The dominant feature of the coal industry in general should be in 
the availability of reliable experimental data and their utilisation 
for industrial purposes such as iron smelting, etc. The outstanding 
problem that faces the iron and steel industry as a whole depends 
upon the most economic utilisation of fuel, especially of cdkiug 
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coals which are essential for the production of good metallurgical coke 
for smelting iron ores. This problem has been a topic of repeated 
discussions and experiments. 

Regarding the origin, occurrences, quality and the constitutions 
of Indian coals four important Memoirs have been published by the 
Geological Survey of India:— 

(1) C. S. Fox—‘ The Natural History of Indian Coal *, Mem. 

Geol. Surv. Ind., LVII, 1931. 

(2) C. S. Fox—‘ The Jharia Coalfield Mem. Geol. Surv. Ind., 

LVI, 1930. 

(3) E. R. Gee—‘ The Geology and Coal Resources of Raniganj 

Coalfield Mem.. Ged. Surv. Ind., LXT, 1932. 

(4) C. S. Fox—‘ The Lower Gondwana Coalfields of India’, 

Mem. Geol. Surv. Ind., LIX, 1934. 


The Lower Gondwana fields are responsible for 98 per cent, 
of the total annual production of Indian coals and the rest (2 per 
cent.) comes from the Tertiary Coal Mines. 

Based upon the above Memoirs, attempts have recently been 
made for the estimation of the amount of superior quality of coal 
in India. In 1935 Sir L. L. Fermor (Fermor, 1935, pp. 1-14), the 
then Director of the Geological Survey of India, dealt with this 
problem thoroughly in his paper ‘ India’s Coal Resources’. Accord¬ 
ing to Dr. Fox the reserves of coking coal of metallurgical quality 
are as follows<op. cU., p. 5) 

Millioo Todb. 


(1) Qiridih . 

(2) Kaoiganj 

(3) Jharia . 

(4) Bokaro 
(fi) Karanpara 


. 30 

. 260 

900 
. 320 

. not estimated. 


1,600 


But when the vast quantity of the best quality of iron-ore deposits 
of India is taken into consideration, it is found that iron-ore deposits 
of Bihar and Orissa alone contain 3,000 million tons (op. 5). 

To obtain pig-iron from this ore by methods at present in vogue, 
good metallurgical coke is necessary and for this purpose, about 
3,000 milUon tons of coking coals are indispensable if our iron and 
steel industry is to thrive. In other words, our iron-ore deposits of 
Bihar and Orissa require more than the total amount of all good quality 
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co»l«-~coldng and non-coking combined together. Considering the 
present method of extraction of coals from the mines and the annual 
productum of coal, the conclusion arrived at is very alarming, for 
the good coking coals will be available only for a limited period for 
smelting the iron-ores (op. di. pp, 8-9). This disappointing fact 
which is so detrimental to the growth of the iron and steel industry, 
drew the serious attention of the. Government of India and a Coal 
Mining Committee was appointed in 1936 to devise measures for 
ccmaerving the coal assets of this country by improving the methods 
of extraction and preventing avoidable waste. The recommenda¬ 
tions of the Committee regarding the safety and conservation hove 
been published in 1937. 

The aim of this investigation on coking coals is to study the 
physical and chemical characteristics which are of extreme im¬ 
portance for the manufacture of metallurgical coke. 

It will be of considerable interest to note how the production 
of pig-iron and steel has been increasing year by year and naturally 
the consumption of good coking coal has also l)een increasing. This 
will be evident from the following tables:— 

Table 1. — Production of Pig Iron^ Steel, Ferrotnanganese {in tons) 

in India. 


(Committee, Coal Mining, 1937, p. 239.) 


VMf. 

Pio. 

TATi'O. 

T»U. 

Bengal 

Iron. 

Indian 
Iron and 
Steel Co. 

Mysore 

Iron 

Works. 

rnui. 

Steel. 

Fetro* 

nai^iMM. 

19S1 

• • 

779,M6 

•• 

243,214 ! 

16,677 

1,068,888 

488,184 

14,U8 

im 

• • 

M9,9S1 

* * I 

108,700 

14,083 

018,814 

1 480,888 1 

888 

IMS 

• • 

7M,95S 

a • 

240,070 

14,800 

1,067,887 

605,429 

7,725 

1M4 

• • 

882,054 

• « 

420,271 

17,886 

1,320,210 

698,981 

6,6M 

1M5 

• • 

897,978 

125,860 

480,884 

10,162 

1,461,882 

827,887 

14,182 

IMS 

• • 

888,272 

• a 

850,648 

22,241 

1,640,068 

880,201 

8,288 

1M7 

• • 

885,808 

• • 

718,080 

22,887 

1,821,280 

885,809 

6,041 
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Table 2.—QmrUity of Jiard coh(‘. mamifactured in India {in tons). 
(Committee, Coal Mining, 1937, p. 237.) 


Year. 

1«31 

1932 

jtm 

1034 

1030 

1U3A 

1037 


Total Hard 
Cokf. 

Jharia Coal. 

Cirldih 

Coni. 

JUnieunj 

Coal. 

Other Coals. 

Total Coal 
used op. 

1,309,00.3 

1.687,681 

33,200 

12,466 

24,668 

1,767,004 

1,214,772 

1,68.6,733 

32,724 

12,878 

7,880 

1,638,666 

1,227,746 

1,517,483 

27,245 

10,460 

2,808 

1,658,006 

1.617,187 

1,034,048 

26,207 

80,024 

2.608 

2,048,067 

1,766,821 

2,2.32,807 

26,740 

01,085 

2,850 

2,863,441 

1,811,201 

2,233,886 

37,670 

02,302 

2,070 

2,866,728 

1,866,86.3 

2.472,182 

72,240 

88,025 

0,305 

2,687,662 


From the above, it is clear that nearly all the metallurgical 
coke is produced from the Jharia coals except a very small fraction 
which is obtained from the coals of Giridih and Kanigauj and other 
coal fields. Owing to this peculiar significance of the Jharia 
fields, tlie majority of the samples for investigation has been selected 
from the Jharia field. On the physical and chemical behaviour 
of Indian coals, there has been luit a very limited number of investiga¬ 
tions. 


Rassow and Bhattacharjee (1920, pp. 250-264) studied the low 
temperature distillation and Former (1930, pp. 189-288) investigated 
j I . the relation between the ash content and the 

•ar cr or . specific gravity of Indian Vitrains, Dutta 

Roy (1934, pp. 21-42) investigated the action of solvents on Indian 
coals. By pressure extraction some imjmrtaut clues were obtained 
regarding the constitution am! structure of Indian coals. Later 
on, Dutta Roy and Bhattsu liarjee (1934, p. 67) made a comparative 
study of the high temperature and low temperature distillation of 
Indian coals and Holfman and Dutta Rov (1934, p. 428) made a 
thorough study on the chemical ami physical properties. Recently 
Bunte Bruckner and Sanjana. (1935. p. 350) made studies on coking 
j>roperties and C. Forrester (1936, pp. 173-224) studied the chemi¬ 
cal and physical characteristics of the Barakar Coals. 

To obtain comprehensive data regarding the manufacture of 


good coke for metaUui^cal purposes it is deemefl necessary to 

Object and Method of following characteri8tic.8 which are 

Investigation. offundamental importance;-- 
' (I) Caking Index, 
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(II) Swelling properties. • 

(III) Decomposition and softening points. 

(IV) Blending. 

The samples, used for the i)resent investigations, are true re¬ 
presentative samples of different collieries as despatched to Messrs. 
Tata Iron & Steel Co. Ltd., and I take this op[K>rtunity of thanking 
them for so kindly placing the samples at my dLS[)osal. 

I. CAKINQ INDEX. 

Various investigations on coking (;oals for tlielr utility for the 
blast furnace have, been made and attempts have also been made to 
correlate analytical data with the caking pniperties. When produc¬ 
ing metallurgical cokes, it is of utmost importance to use coking 
coals. But coking coals are coals which under modern cokc,-oven 
practice yield metallurgical cokes of gootl ciualitv and reactivity. 

For .selecting coals for coke-oven tlie caking index affords good 
clues and these clues may be correlated with the production of coke 
as well as by-products. 

The caking-index is the e.stimation of coking prop»M‘1ies of coal 
based on the mechanical strength of tin^ coke-bu(f.on obtained by 
heating a mixture of the coal and .some inert lualerial. 

There are various inetliods in use for the estimation of cakicg- 
imlex. Since the invention of a .simple method by Richlers (IH70, 
p. 71) which con.sists in mixing c.oal witli sonn;* mat<“rijd whic.li is 
inert and ob.serving the capacity of j)roducing coke-bultons whit.h 
are tlien subjected to .sonn^ mechanical tests regarding strength, 
various mo<lifications by different author.-, have been nunle and 
special mention may be made of the work of (‘um|>rciion (1805, 
p. 820), Audibert (1920, pp. 115-180), (Iray (1928, p. <12), Dannn 
(1928, p. 1078), Marshall and Bir<l (Tech. Bub. 210, j>. 40) and 
Kattwinkel (1982, p. 103). 

T’lie metliod of Caiupredon wss followetl and it (onsists in mixing 
linely [lowered coal and .sand (70 mesh) in various proportions bi 
make a toUil weight, of 5 gm. Dn carbonising the different mix¬ 
tures in standard platinum crucibles for 0 miuuteh, the rcsjjectivc 
mixtures are seen to yield a coherent button and a powdery residue. 
The individual buttons are then subjected to a load of 500 gm. and 
the button which can ju.st stand this weight is noted. Tlie propor¬ 
tional weight of the inert matter (sand) used in the original mixture 
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from which this button resulted, represents the caking-index of the coal. 
Supposing a button, produced by a mixture of coal and sand in the ratio 
of 1: 14, can just stand the weight of 600 gram, then 14 will represent 
the cakingdndex. As the caking-index depends upon the specific 
properties of CJoal, the studies of the following relations have been 
made:— 

(1) Relation between caking>index and proximate analysis. 

(2) Relation between caking-index and ultimate analyds. 

(3) Relation l)etween caking-index and the high temperature 

distillation. 

The proximate and ultimate analyses were performed according 
to the standard methods in vogue. In case of the volatile matter, 
the temperature at wliich the determination was made, was recorded 
as 96()°C. The pen^entages of carbon and hydrogen were found 
out by the usual combustion mcth(Kls and the i>ercentageH of nitrogen 
and sulphur were estimated by the well-known Kjeldall and Eschka 
methods respectively. A.s there is no satisfactory method for the 
estimation t>f Oxygen, the percentage of oxygen is generally ex¬ 
pressed by the difference of the sum of tlie [jercentages of all other 
constituents from hundred. This value of oxygen cannot be strictly 
correct as this is likely to be c(»ntuininated with exj)eriniental errors 
in other determinations. So it is evident tliat the value of oxygen 
should be expressed as ‘ oxygen-f-error*. 

The high tempelratiire distillation was carried out in a silica tube 
in an electric furnace at 950^’C. As the object of this was to find 
out the coke yield aiul by-prwlucts, it was thought necessary to 
carry out the distillation under conditions prevailing those in coke- 
ovens. For this ]>ur})Ose about 10 grants of crushed silica brick 
was placed just at the mouth of the silica tube and the gases were 
allowed to pass through the.se pieces of bricks. 20 grams of coal 
was put ill the .silica tube and the distillation was carried out as 
usual—coke remained in the tube and the Tar and NHg were absorbed 
in a recovery train and the gas was collected with help of the aspirat¬ 
ing bottles which were saturated with NaCl and by-product gas. 

From the tables 3 and 4 it is evident that the coals of Barakar 
series belonging to the Jharia field have higher caking-indices than 
those belonging to the Raniganj series of the Raniganj field. The 
moisture-content of the foniier hardly exceeds 2 per cent, while 
that of the latter ranges from 3 to 10 per cent. Thus caking-index 
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bears an intimate relationship to tiie moisture-content of the coal. 
This fact also confirms the previous observations of author (Dutta 
Roy, 1934, pp. 11*12). The determination of the hygroscxjpidty 
of coals of Jharia field and of the Raniganj field was carried out 
and it was found that the Raniganj coals bad more moisture-absorb* 
ing power than those of the Jharia field. 

The ash-content of the coal, however, does not bear any direct 
relationship to the caking-index. With regard to the caking-index 
and the fuel-ratio, it appears from the table that the caking-index 
varies direotly as the fuel-ratio. Moreover it is noteworthy that 
the fuel-ratio in the case of the Barakar series ranges from 2 to 2*8 
while in case of Raniganj series it never exceeds 1*5. 

Agaiti the ultimate analysis reveals the fact that there exists a 
definite relation between the caking-index and the carl)on and oxygen 
contents of coal. The caking-index increases with the increase in 
the carbon-content while it decreases with the increase in the oxygen- 
content. 

Further, the relation between the caking-index and the liigh 
temperature distillation products is of great im]^)ortancc. It is 
evident from the table that coals having higher caking-indices pro¬ 
duce a higher amount of good metallurgical coke whereas coals of 
lower caking-indices yield a poor coke but a higher amount of by¬ 
products (tar, gas, etc.) of superior qualities. 

Considering the practical utilisation of cokes for smelting the 
iron-ores, it is found that medium caking coals (caking-index varying 
from 13 to 15) serve best the coke-oven practice, in onler to obtain 
good metallurgical cokes as well as by-products. 

Although, caking-index affords valuable clues for selecting coking 
coals for use in coke-ovens, it serves only as a relative criterion, for 
it has been found by experience that even when using coking 
coals with requisite caking-indices ^we cannot always predict the 
nature of the coke produced. The cause of this anomaly must be 
ascribed to the properties of the constituent parts of coal. Wheeler 
and his co-workers (1913, p. 1704, 1916, p. 707, 1927 p. 700) studied 
the action of pyridine on coal to find out its constituent parts and 
they separated the coal into three parts, namely- a, p and y compounds. 
They found that the was responsible for coking proper¬ 

ties. But the classical researches of Fischer and his co-workers 
(1925, p. 33) threw much light on this obscure subject and they extracted 
the coal wdth benzene under pressure and the extract thus obtained 



Table 3. SesuUs showing the relation between caking-index, pfoxinuUe analysis and itUimate 



Kirkena . , I 12 I Do. . I 0-68 1 13‘e7 • 24-32 1 61-33 1 2-32 I 72-90 I 4-80 I 1-B8 I 0-35 1 6-92 1® I 85-15 ' 6-«l ' l-SS I 0-« 
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11-12 27-S4 59-74 I 215 73-00 4-86 1-58 0-38 7-76 12 83-87 5-53 1-80 1 0-4S 8-85 





















Table 4. —ResiUts shov’inff tfie relufion between the caking-ituUx and the high-temperature distiltation. 
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was resolved into oil-bitumen and solid-bitumen. Fischer and his 
co-workers, for the first time, explained clearly the part played by 
these two constituents of coal in the process of coking. The oil- 
bitumen is responsible for the coking and the solid-bitu-men for 
swelling and these two constituents together during the process of 
carbonisatiorL 3 rield a good coke. Likewise Bone and his co-workers 
(1924, p.33,608) also made intensive studies on the solvent action of 
benzene. The action of solvents on Indian coals has already 
been studied by the author and results obtained are in quite good 
agreement with those obtained by Fischer and his co-workers. It 
has been found by the author (Dutta Roy, 1934 p. 35) that coals of 
Jharia field are richer in oil-bitumen-coiitent than those of Raniganj 
field and evidently this can explain the greater capacity of coking 
properties of the Jharia field coal. 

2 . SWELLING PROPERTIES. 

The swelling power of coal has an important bearing on the 
formation of cokes. As is well known, without it, coke formation 
cannot occur. It is one of the main factors which control the 
mechanism of coking and also the operation of coke-ovens. 

In consequence of the tremendous growth of the iron and steel 
industries, the methods for the production of metallurgical coke 
have advanced by leaps and bounds and there have been rapid 
iuqirovcmeuts in the construction of the coke-ovens. Due to these 
iinproYoinents, from the earlier Bee-hive and Copper ovens, wc 
have now the most up-to-date coke-ovens constructed by Otto, 

Koppers and Collins and these modern coking plants play a very 
important role in the efficiency of the present metallui^ical indus¬ 
tries. So it is necessary to attach due importance to the life of 
coking-plants and hence to tlie smooth running of the plant in 
general. 

Now for a moment, if we consider the actual carbonisation 
[iroccsa in the coke-ovens, it is found tliat as soon as the coal is 
charged by the charging hoh's into oven-chamber, along the walls, 
it is very quickly raised to the plastuj stage {350°C to 450®C) and 
the decomposition begms from the hot wall towards the centre of 
the oven and naturally coke-nuts are formed at the wall. Simul¬ 
taneously swelling of coal commences and as the uncoked coal 
prevents any expansion towanls the centre of the charge, the swell¬ 
ing naturally exerts a pressure on the plastic mass against the wall— 
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the expansive pressure being a function of the degree of deoomposi> 
tion of coal and of the viscosity of the plastic zone. After car¬ 
bonisation for about a period of four hours, the coal near the wall 
is converted into semi-coke and the plastic zone gradually proceeds 
towards the centre of the oven and the gases, as they are freed 
from the plastic zone, travel by the shortest i>ath—the path being 
vertical to the heating wall. As the cartmnisation proceeds 
further, the semi-coke near the wall is traiisfonned into hard coke 
and the shrinkage begins. The process of carbonisation is com¬ 
pleted in this way. The shrinkage which begins after the formation 
of hard coke, counteracts the expansive pressure and if the shrink¬ 
age is not sufficient to compensate this pressure, the heating 
wall in consequence suffers a great deal under the stressejj resulting 
from the pressure. Thus it is evident that this expansive pressure 
due to the swelling of coal is detrimental to the coke-oven operation 
causing damage to the oven walla. But as has already been pointed 
out, for coke-formation swelling ol' coal is necessary and hence the 
damage to the walls of the coke-ovens will be naturally dependent 
upon the magnitude of swelling of cioal and the shrinkage after the 
carbonisation. So, in recent years, the swelling of coal and 
the shrinkage obtained after the carbonisation have drawn the 
greatest consideration from the investigators on the operation of 
coke-ovens. 

Attemps have been made to find out the expansion of the coking 
coals and to correlate this with the actual operation of the coke- 
oven chambers. 

Kortoh (1920, p. 662), as early as 1920, proposed a laboratory 
method for estimating the expansive pressure by heating the coal 
in an iron-cylinder in an electrically heated furnace. Later on 
Slater (1927, p. 82), by heating coal in a silica tube scaled at one 
end, in a tube-oven, found out the ratio of (joke-volunie to that of 
the coal. The result thus obtained furnished merely an indica¬ 
tion of the degree of swelling. Lambris (1928, p. 341) found out 
a method by which the degree of swelling as well as the capacity 
of coking could be measured, but the effect of the expansive pressure 
could not be drawn from this. Basing upon the principles of 
Korton, Damm (1928, p. 1078) and Hofmeister (1930, pp. 326-332, 
365-372) have constructed a modified apparatus to suit their purpose 
in one hand and Koppers and Jenkers (1931, p, 232) have made 
improvements in the other hand. The essential difference of the 
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above modifications and improvements lies in the fact that during 
the process of experiments, Damm and Hofmeister keep the volume 
of the coal constant by varying the load while in Koppers* method 
the test is carried out under constant load. 

In recent years important investigations have been carried out 
on the swelling of coal and its effect on the coking power and the 
process of coking, etc., by Baum and Hauser (1930, p. 1497) Pieters 
(1931, p. 443) and Spooner and Mott (1937, p. 96). Thus in view 
of the remarkable significance of the swelling power of coal, this 
subject, so far as it concerns the Indian coals, has naturally a great 
claim on the attention of the scientists and the industrialists of 
the country. 

In the course of the studies and experiments on Indian coals 
of which an account is given in the following pages, the method of 
Koppers has been adopted because of its simplicity in design and 
operation and the reliability of its results. 

The arrangement of Koppers’ method is shown in fig. 1. 80 gins, 
of coal passing through mesh are taken, covered with asbestos 
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abeet (8|''x2|') and put into tbe steel-crucible, A. At the bottom 
of the ooal-layer C, there is a perforated iron-disc AC. Above the 
coal-layer C, a sillimanite block is fitted up and above this 
the plunger B. The steel cylinder, A, with the coal-layer, siUiinanite 
block and plunger rests in a fire-brick ring E. The steel-cylinder 
is heated by means of a burner, K, the flame of which must not 
exceed 10-12 cm. G represents a constant load of 10 Kg and the 
expansive pressure is recorded by the recorder H. 

In the following table are given the descriptions of the coal 
with the remarks from results arrived at from the swelling test. 


Table 6.—Results op Swelling tests on Indian coals. 


Barnkar Serlea. 

Scnni. 

Caking- 

Index. 

Moitt* 
til re. 

AhIi. 

V. M. 

V. (1. 

Itoinarka 
from the 
Hwelling 
teato. 

Jamadoba 

17 

1« 

15 

1010 

28-30 

AO-15 

llarmieRH. 

Knatore . 

13 

17 

0-80 

14 00 

24-12 

0108 

Do. 

Malkera . . 

15 

lA 


13-80 

23-AU 

AI-70 

Do. 

Bhagatdih 

11 

Sec. B 

18 

0-80 

15-08 

24-42 

!iA-70 

Do. 

Klrkend . 

13 

Sec. A. 

18 

0-80 

13-42 

25-20 

(M)-58 

Do. 

BuBserya 

12 

Sec. A. 

17 

1-20 

14-20 

2400 

AO-54 

Do, 

Sljua . • 


18 

0-80 

18-10 

24-76 

56-34 

Do. 

victoria West . 

Top 

Ramnagar. 

1(( 

1-40 

12-84 

23-10 

A2AA 

Do. 

Victoria West . 

Bottom 

Eaiunagar. 

12 

1*30 

11-12 

27-84 

59-74 

Do, 

Eaat Balgora 

14 

Sec. A. 

18 

OtK) 

16-78 

24-34 

68-00 

Harmful. 

Sendra-BaiuiorB . 

Rani^ni SerUi. 

12 

Sec. A. 

15 

0-82 

16-40 

22-56 

00-22 

Do. 

Seetalpur 

Desber* 

garb. 

12 

200 

*13-27 

35-40 

40-33 

Hannleiia. 

Dishergath 

Do. 

13 

2ft0 

11-15 

36-50 

49-75 

Do. 

AMIhl . 

Do. 

11 

200 

11-82 

38*20 

47-08 

Do. 

Ferbelia . 

Do. 

* 12 

1-30 

12-28 

37-00 

49-42 

Do, 

• • • 

Do. 

12 

2-4S 

10-00 

33-40 

53-52 

Do. 

Tapoal 

Cbowkl* 

danga. 

11 

1-80 

12-48 

33-60 

52-12 

Do. 

Charanimr 

Ponlati. 

10 

4-60 

7-31 

34-12 

53-97 

Do. 

Samla 

9 ft. 
grade. 

non* 

caking. 

■1 

11-84 

32*50 

48-60 

Do., 
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The curve obtained for each coal ia attached (Rga. 2 and 3). 
The explanation of the curves obtained leads to some surprismg 
evidences regarding the characteristics of the coals of the 
series (Jharia field) and those of the Eaniganj series (Banigan] field). 



Fie. 3. 
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There are three divisions, namely, a, b and c in the chart and 
conclusion to be drawn is as follows:—When the curve of the coal 
under investigation rises above or below the zero line but finishes 
by a, the coal should be regarded as extremely dangerous. While 
if the curve does not rise above the zero line and finishes at b, the 
coal should be regarded as slightly dangerous or doubtful, but 
when the curve travels below the zero line and finishes at c, it is 
perfectlj- harmless. Most of the curves of the Barakar series pass¬ 
ing below the zero line, finish just in c and therefore may be regard¬ 
ed as harmless. These coals can be ver^' suitably used in the 
coke-ovens. The curves of the Raniganj series pass below the 
zero line and finish also in c and naturally they are quite harmless. 

The curves of the Barakar series and the Raniganj series furnish 
us with some striking results. From the curves, it will be evident 
that coals of the Barakar series possess more swelling power than 
those of the Raniganj series. As has already been discussed, the 
swelling of coal is an integral part of the many factors in the process 
of coking. Coals of Barakar series are therefore superior to those 
of Raniganj series for the production of metallurgical coke. This 
conclusion coincides with the remarks observed from the study of 
the caking-index. But as the caking-index is a relative value— 
no generalisation should be made between the caking-index and the 
swelling power of coal. 

Again the curve of Samla coal which is definitely a non-caking 
coal finishes in c and this is naturally to be expected from the nature 
of the coal. 

Further, from the curves of two coals Balgora and Sendra- 
Bansjora, it is evident that they are extremely dangerous. Ap¬ 
parently from the proximate analysis and caking-index, it can be 
deduced that these two coals may be used in the coke-ovens but 
the swelling test is definitely against’ their use in the coke-oven. 
Thus from the observation and deductions of the swelling test, the 
following conclusions are of importance for the operation of coke- 
oven. 

Firstly .—Only those coking coals whose swelling curves fall 
under the category ‘ harmless ’ should be used in the coke- 
ovens. 

Secondly .—^Highly swelling coal should by no means be used. 

Thirdly .—Clues regarding the blending of coals are available. 
The highly swelling coal can be mixed with nonAsoking 
coals and the mixture can easily be used in the coke- 
ovens. 

B 
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From these considerations, broad and comprehensive ideas about 
the production of cokes of good quality as well as the condition 
for the smooth running of the coke-plant may be obtained. 

3. DECOMPOSITION POINT AND THE SOFTENING POINT OF 

COAL. 

Of the important factors that control the process of c'arbonisa- 
tion in the coke-ovens, the effect of the caking-index and the swell¬ 
ing properties of coal has already been discussed. Now the study 
uf the decomposition and softening points of coal will be of sj)ecial 
importance because of their fundamental roles in the plastic zone. 
The classical researches of Foxwell (1924, pp. 122. 174, 2tH3. 227-76, 
315, 371, 1932, pp. 370), Audibert and Delmas (1927, ]>. 1), and 
Davis and Mott (1933, p. 330) have furnished fundamental data 
regarding the plastic zone and the formation of coke during the process 
of carbonisation. During the process of carbonisation, all coking 
coals pass through the plastic stage, where active decomposition 
of coal—^particularly of the bitumen in the coal, takes pla(;e, the 
swelling begins and is accompanied by the softening of coal and 
transient liquefaction occurs at this stage. Hence it is during 
this plastic stage that the coal particles inter-mingle together, 
liquefy and then solidify with a new cellular structure and as the 
temperature rises ‘^(450-500^0) a fairly homogeneous mass ‘ semi¬ 
coke * is formed and at still higher temperature when the last dis¬ 
tillation is complete, a coke of hard and rigid structure is obtained. 

The strength of the cell-wall of the coke, as has been thoroughly 
investigated by Foxwell, is dependent upon the .size and density 
of coal, rate of heating, the temperature of the formation and the 
path of travel- of the principal by-products, the degree of freedom 
of expansion and the final temperature to which the oven is heated. 
So ft is evident that the plasth- stage is of prime importance in 
studying the mechanism of coke-formation. In order to have good, 
uniform metallurgical cokes, the coal must pass through an orderly 
sequence of stages and hence the studies of the decomposition and 
the softening points of coal which play important roles in the plastic 
zone are of vital necessity. 

Decomposition points. 

The determination of the decomposition points was carried out 
exactly after the well-known method of Fischer, Broche and 
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Strauch (1925, p. 34). The principle of the method lies in filling 
up a hard glass t-est-tube with pieces of coal and then heating it on 
a sand-bath. The test-tube is coimected with a gas-collecting bottle 
filled with water saturated with NaCl and by-product gas. From 
the bottom of this a glass tube is connected with a measuring cylin¬ 
der filled with 30 c.c. of water saturated with NaCl. As the ctml 
is heated the air is first expelled and then, gradually with the rise 
of temperature, a point is reached when the coal decomposes and 
the first drop of Tar appears. The whole apparatus is then allowed 
to cool and if the actual decomposition takes place --there is a 
rise of water level in the measuring cylinder. This rise is of course 
due to the gas produced at the decomposition of coal. 

In the following table are given the results. 

Tables 6.- Resi!lts of Decomposition Points of Indian Coals. 


harakttr — 

Kustore 


• 



• 

Scam. 

11 

Decompooi* 
tion Point. 

290”C 

Kustore 


• 



m 

13 

250’C 

Gopalichak . 


• 



• 

14 

256‘’C 

Malkera 


m 



• 

. IS 

278"(: 

Bhagatdih . 


• 



• 

. 11 Sec. B 

296‘C 

Katrae 


• 



• 

. 11 


Loyabad 


• 



• 

td 

266*^0 

Sijua . 


• 



• 

16 

230'C 

Jamadoba . 


* 




17 

268‘C 

Kirkend 


• 



• 

13 Sec. A 

244“0 

BuBserya 


• 



• 

12 Sec.A 

248“C 

Victoria West 


• 




. Top Kamnagar 

212“C 

> ii toria West 


• 



• 

Bottom Ramnagar 215"C 


I 


Haniganj Seriet .— 


Seetalpur 

• 

• 

• 

a 

• 

• 

. Dishergarh 

226“C 

Pubergarh 

• 

• 

• 

• 

• 

a 

. Do. 

280"C 

Aldihi . 

• 

• 

0 

• 

• 

• 

. Do. 

2W‘‘C 

Parhelia 

• 

• 

• 

• 

• 

• 

. Do. 

232°C 

DeoUi . 

• 

• 

a 

• 

• 

• 

. Do. 

mxi 

HletlMoi 

• 

• 

• 

• 

• 

• 

. Do. 

3a8‘>C 

Taposi 

• 

• 

• 

• 

• 

• 

. Clumkidaiiga 

240°C 

Charanpnr 

• 

• 

• 

a 

• 

• 

Ponaiti 

220^1 

Samla . 

• 

• 

a 

• 

• 

• 

. 9 ft. grade 

216*C 
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From the table it will be evident that decomposition points of 
eoals of Barakar series are in general higher than those of the Rani* 
ganj series. 

Softening point. 

Various methods for the determination of softening points and 
hence the plastic zone have been adopted from time to time. The 
methods may be classified as followsfirstly—method based on 
the penetration system [Damm (1928, p. 1076), Agde and Lynckner 
(1929, p, 86), Kattwinkel (1930, p. 329)], secondly—method based 
on the measurement of torsion [Davis, (1931, pp. 43-45)], thirdly— 
method based on the change of pressure during the plastic stage 
[Porter (1931, p. 613)], fourthly—method based on the measure¬ 
ment of change in the resistance oifered by the coal layer when 
heated [FoxweU (1924, p. 123)], [Davidson (1930, p. 489)] and 
Biinte, Bruckner and Ludwig (1933, pp. 766-70). The estimation 
of softening point of coals was made according to the method of 
Jenkner and Heuser using penetration system. Full details of 
the apparatus are shown in fig. 4. 



3 grams of finely powdered and air-dried coal are pressed into 
a brick (f) of the following dimensions (13 mm. diameter and 19 muLji 
height). It is then placed in the vertical electrical muflBle. A 
pressure plunger (c) with the thermo-element (d) is just placed 
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ui»n this brick {fy and the muffle is heated upto 250°() in 16 to 20 
minutes—then the heating is so regulated that rise of temperature 
should not be more than 10 degrees per minute. The softening 
point is registered on continuous strip of paper in drum e. 

The results are given in the following table. 


Tabi.k 7.—SopTKNiNo porwra of Indian Coals. 


barakar Series .— 



Seam. 

Softenioi; 

Iioiitt. 

Knutore . 



II 

418"(' 

Kiutura 



i:i 

376"0 

Gopiilic.bak . 



14 

420“(: 

Mai kora 



16 

Auru 

Bkagatdih . 



11 Seo. U 

410’0 

Katras 



11 

4i5“(; 

I^oyabad 



15 


Bijua . 



. . in 


Jamadoba . 



17 

:)oo“o 

Kirkund 



13 .«!ec. A 

386‘’(.! 

Bueiaerya 



12 Sec. A 


Victoria West 



. . To)> Kamimgar 

380'’(; 

Victoria Vest 


. 

. HuUoin Kumniif^ar 

38.vr 


Rauiganj .SerUx ,— 


Seetalpur 

. . . IMuhergarh 

38ri“<l 

Dishergarh . 

Do. 

410T 

.Aldibi .... 

. . . . J>o. 

3»6“(1 

Parbelin 

1 ) 0 . 

.WO 

Deoli .... 

. . • . . Do.' 

390"(; 

Methani . 

. . . . Du. 


Toposi 

. Obowkidaoga 

396 0 

Chsranpur . 

. . . Poniali 

.360*C 

Samla .... 

. . . . 9 ft. (irad<‘ 

.370T 


From the results, it will be found tliat the coals of the Barakar 
series (Jharia field) have higher softening points than those of Kani< 
^anj series (Raniganj field). The significance of the softening points 
will be brought out when dealing with blending of coals later on. 


c 
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4 - BLENDING OF COALS. 

The of coals deserves special attention because of our 

limited resources of good quality coal. Jn the interest of the 
healthy growth of industries, it is our bounden duty to regulate the 
definitely limited assets of the <-ouutry and the abnormal waste 
simuld by all means be prevented. A thorough investigation on 
blending of non-caking coal with (liridih coal was carried by Dr. ('. 
S, Fox (1929, p. 294). 

For nietallurgical piirp(»Hes, it .should be the guiding piruciple to 
have a coke homogeneous, rigid and strong. Therefore, in blend¬ 
ing coals of different seams and of different qualities, the following 
factors ot importance should be carefully considered : - 

(1) Proximate analysis. 

(2) Laboratt)ry distillation results at Hood'd. 

(3) Caking-lndex. 

(4) Swelling properties. 

(b) Decomposition and softening points. 

(6) The (constituent parts. 

The function of each of these factors has already been fully 
discussed. The ush-eontent of the coal has an important bearing 
because of the heat-value of coke in the blast furnace; likewise the 
sulphur-content and phosphorus-content bear important relation to 
the blast-furnace practice. From proximate analy-sis, distillation 
results, caking-index,* constituent, parts, and softening point a (dear 
idea of applicability of coal to the cok('-ovens is obtained. 

From the consideration of the above factors the following can 
be inferred. 

(1) Coking coals with good caking-indices having similar decom¬ 

position points and softening points may produce good 
coke. 

(2) Coking coals with liigh swelling properties oan be mixed 

with other diluents such as coke-breeze or non-caking 
coal for the production of good cokes. 

(3) Coking (M>als with high caking-indices and low volatile-matter 

content (»n be mixed with gas-coal for the production of 
good cokes. 

In view of the above facts, Laboratory Studies have been made 
under conditions approximating to those of actual coke-oven pzactioe. 
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The Results are given below. 


Table 8.--Results op BLENmNc; Jharia uoals. 


lJi*>iTl|»tIon nf HAmiOrii. 

i 

I'or oi-nt, 
Coko. 

I’or ooiii. 
T»i. 

iMI,) .su< 

In ilM. 
por ton. 

OoK ill Oil. 
ft. |s'r Ion. 

Uiinllty of Coko. 

j 

{(i) CokiiiK-coal of JliariH 
flow IHT «*nt. 

4 1 

('oko.hrco*o a imt | 

OOllt. 


U-Mt 

is-yj 

in.nw 

Siiltahlo for tiiHi III the 
lilaxt'l'iiriuior. 

<^) CnklnS'Oral of Jharia 
flow H& por oont. 

fts« «will6i>pr emit. 

Ti-30 

IS 


lo.sss 

Do, 

(r) CukinX'OiwI of .thnrlu 
flow Hr> por ront. 

i 

Non-oakiiiR coal 1.0 
por c'ont. 

7U-W) 


1 s jn 

io,.'>i:j 

1)0. 


The average restilis of five ex|n'riment.s are lecorded in each 
case. The selection of dilnenl.s mh-Ii as cokc-bree/.e and non-eaking 
coal will be evident from the furl thal llies<*ar«* very easily available. 
The result clearly shows Ijow the blending of (*oking coals with other 
diluents can be made use of without ath'cting the g»)o(| quality of 
coke. 


5. CONCLUSION. 

ronsidcring the ever-growing interest ii* the technical utilisation 
of coal and the limited resources of tin* c(»king coals f>f our <!Ountry, 
the characteristics of the coking coals foi the production of metallurgi¬ 
cal cokes deserve .special attention. 1'he relation between the. 
caking-iudex and the proximate analysis, ultimate analysis and high 
temperature distillation products, ha,s been st.udie<l. The .swelling 
property of coal has also been tin roughly dealt with beA-ause of its 
important role in the c(»ke format irm as well as its efifect on the life 
of the coke-plant. The effect of the decom]M)8ition and softening 
points in the plastic-zone has likewise been discussed and from the 
study of all these factors, important clues regarding the formation 
of cokes of uniform, rigid structure by selecting different coking- 
coals can be ascertained. Further, important deductions for the 
blending of coking-coal with some diluents such as coke-breeze and 
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noti f!akinj( coals, cto., oaii also ho inadc. Obviously, these studies 
will furnish desirahle datu for the wise and econoTiiic utilisation of 
tin* admittedly limited coal-as.s«!ls of the country. 

Kinidly T would express my llianks lo Mr. E. It. (iee, for useful 
criticism in connection with the \vritinf< of this paper. 
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I. INTRODUCTION. 

i’rior to recent fjcological work in Aa.suni, certain coal-bearing 
siindstonca occurring beneatli known JOoccne strata in the (Jaro 
and the Kiiasi hills wore regarded as Orctaccous in age. llccent 
invcs'igations by Dr. C. S. Fox in the (taro hills, however, have 
led him to conclude that these so-called ‘ Orctac-eous ’ sediments 
actually form a connected sequenc.e with the overlying Eocene 
and are, in fact, a part of the basal Tertiary succession. The coal- 
bearing Cherra sandstones of Mawbehlarkar (25'^ 24' : 91“ 45') in 
the Khasi hills were also previously correlated with the above men¬ 
tioned ‘ Cretaceous ’ sandstones of the more western out<irops —in 
the Garo hills—but, on studying the sequence Dr. Fox came to the 
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conclusion that the Cheira sandstones also fonned a part of the 
Eocene succession of Assam (Fcrmor, 1936, p. 82). 

About the beginning of the year 1935, Dr. Fox deputed me to 
investigate further the stratigraphical position of the Cherra sand¬ 
stone as developed along the southern side of 
cope of work. Shillong plateau, and initiated me into 

the geology of tie Khasi hills at Therriaghat (26® IT : 91® 46') where, 
on the east bank of the Um Sohryngkew, the Cretaceous and Eocene 
I)ed8 arc best developed. At his suggestion, the Cherra band was 
separately mapped from the fossiliferous Eocene (Nummulitic) beds 
above it and the fossiliferous Cretaceous below it. 

The area, which i.s a portion of the Shillong plateau of the Khasi 
hills, surveyed by me during the field seasons 1935 to 1937, lies 

between the parallels of latitudes 25® 10' and 
^5® 30' and longitudes 91® 37' and 92® 00', 
and is covered by the one inch sheets 78 0/11, 
0/12. 0/15 and 0/16. It is bounded by the Umiew river on its 
western and by the Um Ngot on its eastern sides respectively. 

3’rcvious workers in the area included T. Oldham, whose obser¬ 
vations on the .sedimentary beds of the Khasi hills are recorded 

in the first volume of the memoirs of this 
department (Oldham, 1858, p. 99, etc.). Old¬ 
ham introduced H. B. Medlicott to the area and the latter wrote a 
valuable account of the geology of a strip of the Shillong plateau 
between Shillong (26® 38' : 91® 56'), Sheila (25® 11' : 91® 38') and 
Therriaghat (Medlicott, 1869, p. 151, etc.). The eastern portion of 
the area was mapped by P. N. Bose in the early years of the present 
century. Mention may also be made of T. H. D. La Touche, who 
studied the coal deposits of Cherrapunji (25® 17' : 91® 44'), Laitrvngew 
(25® 20' : 91° 44') and Mawbehlarkar (La Touche, 1889, p. 169, etc., 
and 1880, p. 120, etc.). 

Originally, the term ‘ Cherra series ’ was used by Medlicott for 
the infra-Nummulitic sedimentary beds of the Cherrapunji area. 

„ . ^ He left the exact horizon of demarcation bet- 

Nomencltturc. j -n, • i i ^ i , 

ween (’retaceoiis and Eocene in doubt but 

seemed to be in favour of grouping the Cherra band with the 

nummulitio rocks above it (Medlicott, 1866, pp. 31 and 37). 

Later he used the name ‘ Cherra sandstone * for the same beds 

coming above the fossiliferous Cretaceous and below the Num- 

jnulitic limestone of Cherrapunji (Medlicott, 1869, p. 169, etc.). In 


Previous workers. 
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the last paper he entered into a lengthy discussion for placing the 
Cherra band in the Cretaceous but could not produc-e sufficient 
evidence to support his views and was not in a iK>sition, therefore, 
to pass any opinion about its age. 

In the light of present day knowledge resulting from my own 
field work in the Khasi hills and the works of Dr. Fox in the Garo 
hills and Mr. P. N. Mukerjee in the Jaintia hills, the Cretaceous 
appears to be more limited in distribution and extent than was 
previously supposed. Most of the beds mapped as Cretaceous in 
the Garo and the Khasi and Jaintia hills have proved to bo the 
Cherra sandstone, which is now regarded to be Eocene. 

The Shillong plateau is an old land surface made of pre-Cambrian 
metaraorphic and igneous rocks. The southern part of the plateau 

is occupied by basaltic lavas (Sylhet trap), 
** which are capped by the Cretat^eous and the 
Eocene sediments. On the plateau, the sedi¬ 


mentary beds have a gentle southerly dip but below Mahadek (25® 
13' : 91® 46') and Nongwar (25° 13' ; 91° 39') they plunge at a steep 
inclination towards the south. These beds thus form a monoclinai 
fold, the axis of which runs between E.-W. and E. S. E.-W. N. \V. 
The crest of the fold appears to be faulted. As the area lies in a 
region of heavy rainfall, denudation has been very active along this 
zone resulting in steep escarpments, which overlook the swampy 
plains of Sylhet district from one end to the other. 

Dr. Fox considers the structure of the Assam llange to be a 
warp due to the southerly thrust of the Himalaya and that the 
southern edge of this warp has become a monoclinai fold in the 
Khasi hills and an overfold and thrust fault in the Garo hills (Heron, 
1937, p. 92). 


II. DISTRIBUTION OF THE CRETACEOUS OF THE SHILLONG 

PLATEAU. ‘ 

lu the submontane tracts on the southern side of the Khasi 
hills, the Cretaceous formation is represented by arkose and massive, 
e ... < .u... gritty sandstone, the upper part of wluch is 

soft, ochieous and earthy and mgaly fossm- 
ferous and seems to correspond to Medlicott’s Mahadek Stage 
(Medlicott, 1869, p. 178). The stage has a very limited north and 
south range and cannot be identified everywhere. It is overlain 
by mudstone, calcareous shale and impure earthy and sandy limS' 
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stone correfipondinp to his Langpar Stage {op. cit. p. 178). On the 
east bank of the Um Sohryngkcw, tlie earthy limestone be^’oroes 
progressively more eah^areoiis aiid )»assos upwards into a well- 
bedded, massive limestone, piaetically devoid of fossils. .Medlieott 
placed the limestone at tlie base, of his Numiniilitie series {op. nf. 
p. 164). 

Between Sheila and Tberriughut tlie basal part of the (Cretaceous 
sandstone is either missing f»r not well exjH>sed for study. Only in 
one section in the Urn Niuh nah. E. S. Pi. of Nongiri (25® 12' ; 91® 
48), the base of the sandstone, near its junction with the under- 
lying Sylhct Trap, was found to consist of fine-graineil calcareous 
sandstone with a few pebbles in it. Between Sheila and Tuning 
(26® 11' : 91° 51') the sandstone, over a thousand feet thick, is 
fossiliferous, more partimilarly near the top, and has a moderate 
dip of 25°-.}0° in a soutlnuly direction. The dij) steadily lessens 
in amount cast of Tuning, and at Dawki (25" 11' ; 92' 01') it is 
as much as 15 . The basal sandstone thins out to the north an<l 


east and includes liaiuls of conglomerate, of variable tliiekness, 
at its base. These are first noticed on the spur (*a.st and south¬ 
east of lyrna (25° 14' : 9J® 41') and on the ridge south of Laitiam 
(25° 14' : 91° 45') and Kyngnd (25'' WV : 91" 46'). 

The conglomerate assumes importance further, north and in the 
scarp sections east and E. S. PI. of Cherrapiinji, is nearly 2(K) feet 


Cherrapunli plateAi. ‘>verlain, first by massive 

sandstone (4(X)-5(K) feet) and then by the band 
of calcareous shale and earthy limestone (Langpur baiul), the latter 
coming below the (yherra fraud. On the road to Nongpriang (25° 
17 . 91 46), north of ('lierrapunji, the Cretaceous conglomerate 

is over 100 feet thick and is overlain by sandstone, shale and sandy 
Langpar limestone, the latter occurring beneath conglomeratic and 
pebbly sandstones that form the base of the Cherra stage. In the 
Chens gorge, iimnediately north of the main village of Cirerrapunji, 
the Cretacooua conglomerate is 50 feet thick and in the cliff section, 
west of *2406, it is less than 30 feet. The massive (.Jretaccous 
sandstone thins out very rapidly from Cherrapuuji northw'ards, 
finally disappearing south-west of the waterfall -1023. P]ast of 
the same falls, about a mile and a quarter south of Laitryngew, the 
Cretaceous consists of the Langpar band of earthy and sandy lime¬ 
stone with two pebble bauds, each 18" thick, at its base. The 
oougiomerate is ivell developed on the terrace, south of Laitmawsiang 
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(25° 18' : 91° 45') and can be traced as far as Laitxyngew, north of 
which it is entirely absent. It is overlain, on this eastern side 
of the Cherrapunji plateau by the Cherra sandstone beginning with 
a pebble band at its base. It will be apparent that on the eastern 
side of the Laitryngew-Clierrapunji terrace there is a progressive 
overlapping of the lower bands of the Cretaceous by the higher 
ones and a general thinning of the entire succession in a northerly 
direction. The age of the basal conglomerate, formed in a t-mns- 
gressing sea, is progressively younger as we go northwards. 

On the western side of the Cherrapunji plateau, overlooking 
the valley of the Umiew river, the Cretaceous is represented by 
about a couple of hundred feet of massive sandstone. The basal 
conglomerate and the calcareous earthy beds of the upper horizon 
are absent. The massive sandstone is followed above by two or 
three pebble bands, each eight to ten feet thick, apparently at the 
base of the overlying band of the Cherra sandstone. This conglo¬ 
merate is different from the lower conglomerate so well developed 
on the eastern side of the plateau and seems to belong to the Cherra 
stage. The sheer cliff formed by the Cretaceous sandstone thins 
out further north and disappears under the upper cliff of Cherra 
sandstone, south-east of *4430, S. S. W. of Kyngimawsaw (25° 20': 
91° -11'). Looking westwards along the cliff face below Mawsynram 
(25° 18' : 91° 35') the lower sandstone band of the (Jretaceous can be 
seen thinning dn a northerly direction. 

Along the south-eastern side of the Khasi hills, the Cretaceous 
beds are not so well developed aiul the upper beds are frequently 

denuded away. The massive sandstone shows 
gradual thinning in the Um Krem, the Urn ^ 
Lyngdoi and the Um Jashar valleys. The sandstone with a pebble 
band at its base in the valley of the Piyan Gang near Dawki is 
considerably reduced in thickness. Between Dawki and Mawshun 
(25° 14' ; 91° 58') the sandstone thins rapidly. The basal conglo¬ 
merate, at first, is associated with massive sandstone supporting 
the calcareous beds of the upper band but in a northerly direction 
the sandstone passes into sandy and earthy limestones carrjdng 
ochinoids and Ostr&i. Pebbly sandstones and conglomerate, less 
than 50 feet in thickness, are exposed along the motor road between 
Phlangpontung (25° 15' : 91° 57') and Phlangudiak (25° 17' : 91° 
56'), where they are succeeded by ash coloured earthy and sandy 
limestone of the upper band. In the river beds east and north- 
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east of Mawlyndun (26® 16' : 91® 64'), the conglomerate is associated 
with the same earthy beds. 

Outliers of the Cretaceous conglomerate, from which the over¬ 
burden of the sandy limestone has been entirely removed by denu¬ 
dation, occur in the neighbourhood of the villages of Pynter (26® 16': 
91® 58') and Mawpran (25® 18' : 91® 67'), and continue beyond the 
E.-W. jurfo, immediately north of Waht 3 n«aw (25® 18' : 91® 65'). 
In the bed of the naia, the conglomerate is over six feet thick and 
is overlain by Cherra sandstone. Pebble bands in soft sandy beds 
are present, near their junction with metamorphic rocks, on the 
footpaths descending to Myllad (25® 19' : 91® 56') and Mynrieng 
(25® 19' : 91® 53'), E. N. E. and north-west respectively of Pjmursla 
(25® 18' : 91® 54') but they cannot be identified further north. It 
seems that the true Cretaceous beds do not extend north of Khyrwot 
(25® 19' : 91® 64') where, in the cliff section west of the village, 
the conglomerate, so well developed in the stream bods and on the 
motor road £. S. £. and south-east of Pynursla, is represented by a 
few scattered pebbles. 

It will Jiow be apparent that the Langpar band of calcareous 
shale and earthy and sandy limestone is more consistent and wide¬ 
spread tlian the lower sandstone and it progressively overlaps the. 
latter shorewards in a northerly direction. On the Cherrapunji 
and the 'fhang Jnat plateaux it is possible to iix the northern bf)un- 
dary of the Cretaceous within a mile south of the ptrrallel of latitude 
25° 20'. It is about this latitude that the calcareous earthy beds 
of the Cretaceous disappear. It may be observed in pa.ssing that 
R. \V. Palmer noticed a break, within the Cretaceous rocks of the 
western Khasi hills, roughly along the parallel of latitude 25® 22' 
(Palmer, 1924, p. 158). It Is difficult to say whether the Cretaceous 
sea transgressed this line from the southern side or not, but evidence 
in favour of any such possible transgression within the Cretaceous 
period is wanting. 

Iff. GENERAL FEATURES AND DISTRIBUTION OF THE CHERRA 

SANDSTONE. 


Before dealing with the distribution of the Cherra sandstone, 
which overlies the fossiliferous Cretaceous and occurs below the 

Eocene Nummulitic (Sylhet) limestone, a short 
Uthology ol the ^j^scription of its lithological and other features 

may be given. The Cherra sandstone * is 
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esBentially a shallow water marine deposit (Heron, 1939, p. 59). There 
is a possibility that the olay bands it contains may have been depo- 
sitefl under fluviatile and lacustrine conditions. False-bedding of 
the sandstone is very common. This suggests that the sandstone 
was Hubje<^ted to strong cmrrent action while it was being depositecl. 
There is no constancy either of the texture, composition or colour 
of tlie sandstones whicli vary from ]>lace to place. The sandstone 
is fine - f-o (!oarse-graine<l in texture and is sometimes very hard 
and com})act and makes good building stone. At many places, 
however, it is extremely friable and powdery. It is felspathic at 
places and highly quartzose at others. Between Therriaghat and 
Mawblang (25° 14' ; 91° 44') there are evidences of the sandstone 
having been formed by the leaching out of the calcium carbonate 
of a sandy limestone and secondary cjuartz has been noticed in the 
sandstone formed as a result of the replacement of the lime of the 
sandy limestone by silica. The .sandstone is frequently pitted, 
very likely due to the falling out of nodules of pyrite.s, which have 
been noticed at many places. Efflorescence of sulphur is quite 
common. As a rule the sandstone i.s light cream and buff coloured 
but it also presents a variety of other colours and carries bands 
of variegated sandy shale and lumpy mottled clay. Sometimes 
the .sandstone carries bands (jf carbonaceous shale and at places 
it is definitely carbonaceous. In the Mawsmai Falls, a thin band 
of coal was noticed in the sandstone and at Mawbehlarknr the 
Cherra band curries a workable seam of coal. Indistinct plant 
remains are noticed at places in the sandstone otherwise it is 
practically devoid of fo&sils, which have only recently been found 
at one place in the Khasi hills (Heron, 1939, p. 60). 

At the foot of the Cherrapunji plateau, in the neighbourhood 
of Therriaghat, the Cherra stage is represented by massive lime.stone 

passing upwards through a sandy limestone 
rtaEhat* '*^***'^* grained, yellowish sand.stone show¬ 

ing ill-preserved plant remains in all some 
400 feet thick. On the east bank of the Um Sohryngkew, the 
lower part of the limestone is earthy and grades downwards into 
the impure, earthy limestone and calcareous shale (Langpar band) 
of the Cretaceous. Medlicott placed the massive limestone band 
at tlie base of his Nummulitic series and its position above the Lang¬ 
par band agrees with this classification (Medlicott, 1869, p. 164). 
Thtt overljring band of the plant bearing sandstone is succeeded by 
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the foraminiferal limestone belonging to the lowest band of the 
Sylhet limestone (Heion, 1936, p. 86). 

Although the Cherra stage is present on the hills south and 
E. S. E. of Nongiri, it is not well represented in the area between 
I’herriaghat and Shelia, where the country is very broken. 
The partial absence of the beds of the stage may be in part 
due to local .slips and to the underground solution and removal 
of the limestones and sandstones and thus causing the upfH*r 
beds to .sag and collapse. On the terracf;, west of Mahadek, the 
Cherra beds have been removed by denudation but they are 
present as outliers on the ridges on which are situated the villages 
of Nongwar and Laitkynsewr (25° 13' : 91“ 40'). 

The Cherra band is best developed on the Cherrapunji plateau, 
where the succe.s.siou consists of 300-4(K) feet «>f sandstones with 

, interbedded shales. The sandstones are almost 

CherrYpunji plateau. **** horizontal and when inclined have a very gentle 

dip towards the south. They can be traced 
as a continuous band for about ten miles in a north-stmth direction 
between Mawblang on the south and Latl Maw'phlaug (25® 22' : 
91° 45') on the north. South-east of Cherrapunji as well as in the 
Mawsmai Falls, the beds are pebbly at certain horizons, more espe¬ 
cially in the low'er part of the .stage, which rests on the earthy and 
sandy lime.stoue belonging to the Langi)ar band of the Oetaoeous. 
At the cliff section at Rangsanobo (25“ 15' : 91“ 44'), *soutli of Cherra¬ 
punji, the Cherra sandstone is conformably overlain by Niiinmnlitic 
lime.stone, no sign of any physical break bein>./ visible between tbo 
two sets of beds. 

Infra-Nummulitic sandy limestone, similar to the Cherra lime¬ 
stone at Therriaghat, was noticed in a stream section, west of the 
path from Mahadek to Mawsmai (25“ 14’' : 91“ 44'). Here also the 
calc.'^reous earthy beds of the Cretaceous pass upwards into an 
impure, earthy limestone with subordinate dark grey, carbonaceous 
shales and bands of a bluish limestone. Higher up the band the 
limestone becomes sandy and grades into a calcareous sandstone 
first and then into a pure sandstone as at Therriaghat. This is 
the sandstone, which builds up the southern edge of the Cherrapunji 
plateau. The above-mentioned limestone cannot be traced north¬ 
wards around the cliff sections of the Cherrapunji plateau, excepting 
on the descent to Nongstein (25“ 17' : 91® 39') where an algal lime- 
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atone, some 200 feet thick, was noticed in corresponding position 
below the Cherra sandstone about 360 feet from the top of the 
descent. The limestone rests on a band of sandy clay with a 
conglomerate about ten feet thick at its base. The succession 
is underlain by massive Cretaceous sandstone. While the absence 
of the limestone may possibly be due to a substitution of the calca¬ 
reous facies of the submontane tracts on the south by an arenaceous 
facies of tlie Cherra followed by the Nummulitic (Sylhet) limestone 
beds on the north, the possibility of the former existence of the 
Cherra limestone cannot be overlooked, since the presence of large 
swallow holes in the Cherra sandstone, west and south-west of the 
motor road at Mawblang, suggests the occurrence of a soluble band 
as limestone below the sandstone. Similar swallow holes are present 
in the Cherra sandstone on the southern side of the Thang Jnat 
plateau near the villages of Wahmawsiang (25® 14' ; 91® 51'), Nong- 
phlang (25® 14' : 91® 54') Mawkinber (25® 15' ; 91® 54') and else¬ 
where. 

Along the footpath descending to Nongriat (25® 15' : 91° 40') 
W. S. W. of Cherrapunji, the Cherra band becomes pebbly and 
conglomeratic near the base, resting on the sandy Langpar lime¬ 
stone. Similar pebbly and conglomeratic sandstone bands, in cor¬ 
responding position, are present in the Mawsmai Falls as well as 
oil the eastern side of the Cherrapunji terrace and can be traced 
along the cliff ?*cctions at. Falls *1023 to Laitmawsiang-Mawlyndier 
(26® 19': 91® 46') terrace resting on Cretaceous beds. The pebble band 
becomes the basal conglomerate of the Cherra stage, east of Lait- 
^7*^8®where it rests upon a thin sandy band, possibly belonging 
to the Cretaceous. East of Sohrarim (25® 21' : 91® 44') there are 
two conglomerates within the Cherra sandstone stage. The upper 
one appearing some 200 feet from the top of the plateau and is 
separated from the basal conglomerate, about 150 feet thick, by 
alternating bands of fine grained and pebbly purplish and cream 
coloured sandstones. On the western side of the Cherrapunji 
plateau, the Cherra conglomerate appears much further south, 
where it occurs at variable depths at the base of the Cherra stage. 
On the descent to Umblai (25° 17' : 91® 39') the pebbles are embedded 
in a calcareous matrix, which yielded a solitary shark’s tooth be¬ 
longing to the genus OdorUaspis and a few crushed bivalve shells. 
The conglomerate on the western side of the plateau increases in 
thickness in a northerly direction and is well developed on the 
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terraces overlooking tlie valleys of the Um long, Um Jaut and 
Umiew rivers, west and north of Sohraiim and more than one such 
band is present in the sandstone. The conglomerates with their 
overburden of sandstone rapidly thin out north of Sohrarim, the 
basal band on the eastern side uniting with its counterpart on the 
west just north of Lad Mawphlang and the two are met with as 
one discontinuous band along the Laitsopliah (25® 23' : 91® 46') 
ridge in a barrier of metamorphic conglomerate and quartzite of 
pre-Cambrian age to Mawbehlarkar, where the Cherra sandstone 
carries a coal seam and a band of coal shale. A plant impression, 
similar to that noticed in the plant-bearing sandstone at the Ther- 
riaghat section, was found in the carbonaceous shale of Mawbehlar¬ 
kar. Thin outliers of the sandstone with the underlying conglo¬ 
merates are present as far north as Steplakrai (25® 25' : 91® 45') 
and also on the hills near Lum Didom, Luin Kyrphai, Urnsawmat 
(25® 24' : 91® 42'), Lyngiong (25® 25' : 91° 42'), etc., further north 
of which the band is very thin and at places consists of loose pebbles, 
the cover of the sandstone having been eroded away. On the 
hilltop east of tlie river Um Sohra, outliers of the Oherra sandstone 
and conglomerate occur at Mnwrap (25® 23' : 91® 47') and Maw- 
thawtin (25° 22' : 91° 46'). The exposure east of Diengsaw (2r>° 
21' : 91® 46') includes highly carbonaceous and pyritic sandstone 
near the base. 

The Cherra sandstone stage is not well developed on the eastern 
.side of the Khasi hills, having been considerably removed by denu¬ 
dation from the southern edge of the Umniuh 

KimrihHis***” *" *****”* 50'). plateau, only a small patch 

occurring on the northern side. Between 
Ringer (26® 14' : 91® 54') and Sohlait (26® 14' : 91® 52'), the sandstone 
supports dislodged blocks of a sandy liipestone, very likely the lowest 
band of the Sylhet limestone. The Cherra sandstone continues 
northwards under a thin band of lower Sylhet limestone supporting 
sandstone with coal at Thang Jnat (25° 17' : 91® 64') and Lyngkerdem 
(25® 21' : 91® 54') and ends near Ryngian (25° 22' : 91® 53'), where 
it has a thin pebble band at its base. The Cherra sandstone country, 
south of the Thang Jnat plateau, is very rugged and broken and 
consists of swallow holes and tumbled masses of the dislodged 
sandstone. 

Outliers of the Cherra sandstone are present at several places 
farther north, the most conspicuous of them occurring south of 
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Mawlyngngot (25° 24' : 91° 56'), where the stage is represented by 
a conglomerate, about 70 feet thick, overlain by a false-bedded 
sandstone of similar thickness. Here and there on the plateau, 
east of Laitlyngkot (26° 27' : 91° 50') may be found thin skins of 
pebbly sandstones resting on kaolinised granite and east of Phan- 
sawmt (25° 28' : 91° 55'), an outlier of the sandstone rests on a zone 
of lithomarge. 

It will bo noticed that the Cherra conglomerate is extremely 
variable in thickness and disposition. Although to some extent 

an uneven land surface may account for its 
Chw^Somwaie.*'** inconsistencies, it is easy to visualise that in 

early Cherra times the sea bed was oscillating 
and regression and transgression of the sea was a common feature, 
resulting in similar phenomena. In the case of marine deposits, 
when the overlap is of a compound regressive-transgressive nature, 
the basal conglomerate will rise in the geological scale seawards in 
the case of the former and shorewards in the case of the latter. 
This would account for the presence of more than one band of con¬ 
glomerate ill different horizons of the Cherra stage, until more stable 
marine conditions were finally established. 

The Cherra sea must have continued north of the axis of the 
present Khasi hills plateau, as is indicated by the widespread distri¬ 
bution of isolated outliers of the stage. Such 
thrcherra'sea!*"****" e * ou^tliers frequently carry thin bands of litho¬ 
marge pointing to the condition of weathering 
in a moist tropical climate that preceded the deposition of these 
beds. A narrow outlier with a thin conglomerate at its ba,se occurs 
at Laitdom (25° 36' : 91° 40') but, more important, is the faulted 
outlier at Nongkhrong (25° 37' : 91° 21'). The latter contains 
marine fossils of which the forms Area, Corbula and Leda could 
be recognised and some imperfect casts of gastropods and a coral 
(? Trochocyathus). 'riie sandstone, in which these * fossils occur, is 
only a few feet thick, and is underlain by gneisses and abuts against 
laterite on its eastern side (Heron, 1939, p. 59). Dr. Fox considers 
the beds at the Um' Eileng coalfield, seven miles north-west of 
Shillong to correspond to the Cherra sandstone stage (Heron, 1937, 
pp. 85-86). 

IV. SYLHET LIMESTONE STAGE. 

The Cherra sandstone stage is succeeded upwards by the Sylhet 
(Nummulitic) limestone stage, which consists of limestone, .sandstone. 
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shale and coal. The most complete succession of the stage is on 
the east bank of the Um Sohryngkew, where it is represented by 
three highly fossiliferous limestone bands separatetl by sand.stones 
of variable thicknesses. The uppermost limestone is mostly built 
of large and medium sized NvmmuUte and AssiHna. Between 
Therriaghat and Sheila the band is overlain at places by an earthy 
limestone and marl entirely made of IHscoryclim. The middle 
limestone is teeming with Alveolina while the third or basal lime¬ 
stone shows sections of ga.«tropods and tiny foraminifera. The 
sandstone below the Ahvolina limestone carries coal south of Maolong 
(25° 13' ; 91° 42'). On the .southern side of the Oherrapunji plateau, 
the nunimulitic beds above the Cherra sandstone have been removed 
by denudation. In the Rangsanobo cliff, the stage consists of a 
sandy limestone supporting a sandstone with a coal seam. The 
limestone,^ which appears to correspond to the basal band of the 
Sylhet limestone at Therriaghat, overlies llie (iherra sandstone in 
normal stratigrapliical sequence and no sign <)! any ])hy8ical break 
is visible between the two. In comparison with the development 
at Therriaghat, the limestone is considerably attenuated at Rang¬ 
sanobo and rapidly thins out northwards, ft is present at several 
places in the scarp sections between Gherrapunji and Laitryngow 
and is last seen near the villages of Mawkma (25° 20' : 91° 43') and 
Laitlyndop (25° 20' : 91° 42'). The diminution in the thickness 
of the limestone northwards is, however, accompanied by a corre¬ 
sponding increase in the thickness of the overburden of sandstone, 
which in places, when the limestone is absent, passes imperceptibly 
downwards into the Cherra sandstone, 'fhe passage in such cases 
is .so gradual that it is difficult to delineate the Imundary between 
the two stages owing to the lithological similarity of the Cherra 
and the Nuinrnuliiio (Sylhet) sand-stones. There is no evidence on 
the Shillong plateau of the beds of the Sylhet (Nummulitic) limestone 
stage north of a line joining Lyngkc'Tfiein and Sohrarim. 

The difficulty of differentiating the Cherra from the Nummulitic 
(Sylhet) sandstones on the Cherrapunji plateau was a<lmittcd by 

Similarity of Cherra ^edlicott (1869, p. 168). The two .sandstones 
and Nummulitic (Sylhet) have features in common which at once suggest 
sandstones. their being parts of the same group and 

^ It HhonJd be noted that the forms A««ilina and Alvr/il'mi found in the two upper 
limestones at Therriaghat have not been recorded anywhere on the Cherrapunji plateau. 
The Cherrapunji coal occurs in the same stratigraphical horizon as the coal at Macing. 



14 


Becords of the Geological Survey of India, [Vol. LXXV. 


diilerent Irom the fossiliferous Cretaceous sandstone. The sheer, 
wall-like scjiirp caused by the massive and rudel) bedded Cretaceous 
sandstone can be easily distinguished from the overlying cliff of 
(!herra and Numnmlitic (Sylhet) sandstones, with their numerous 
planes of bedding and intercalated shale and clay. The feature 
thus f)rovi<led by these sancKstones is very characteristic and apparent 
all along the tiliffs overlooking the deep gorges that dissect the 
plateau. Further, the bands of lumpy, mottled clay and shale 
present in the Cherra and the Numinulitic (Sylhet) beds are ab.sent 
from the Cretaceous strata. 


V. STRATIGRAPHICAL POSITION AND POSSIBLE AGE OF THE 

CHERRA SANDSTONE. 

It is the (-(annion rule to determine the age of any .sedimentary 
deposit by means of the fossils it contains. The Cherra sandstone, 

liowever, is singularly lacking in decent fossils. 

onSJglcSrSvWence!**'* organic remains that the stage has 

yielded are rather disappointing as they are 
badly preserved and do not admit of proper study. One has, 
therefore, to look for other evidences collected in the field. In 
fixing the stratigraphical position of the Cherra stage, the litholo¬ 
gical similarity of its sandstone and shale components with those 
of the Numinulitic (Sylhet) stage is a point in favour of regarding 
the two stages as members of the same group and separating the 
former from the Cretaceous. It has already been stated that 

Conforniabte sequence (dierrapunji plateau no sign of discord- 

of Cherra «nd Nummull* ance is noticeable between the Nummulitic 
lie (Sylhet) beds. (Sylhet) limestone and the Cherra sandstone. 

From Hohrarini northwards only Cherra beds can be traced and 
the northern outliers may be regarded to represent the higher beds 
of the same stage of the southern side. Nowhere in the Khasi 
hills, has the Nummulitic (Sylhet) limestone been found to overlap 
the Cherra stage and the recent surveys in the Garo and the Jaintia 
hills have disclosed the same phenomenon. Wherever the Nmnmu- 
litic (Sylhet) limestone occurs it is supported on a base of Cherra 
sandstone, suggesting the intimate association of the two. 

In the Khasi hiUs the Cherra stage has overlapped the Creta¬ 
ceous in a northerly direction. According to Dr. Fox and Mr. 

, . Mukerjee, the overlap has also taken place in 

V enceo ove p. direction of the strike of the beds, west- 



Fbof. Pap. 4.] Ghosh : Cherra Sandstone, Assam, 
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wards in the Garo hills and eastwards in the Jaintia hills, suggesting 
the overlap to be widespread and regional. That the overlap took 
place after a period of readjustments of the land and sea at the 
end of Langpat time, is well illustrated in the cliif sections in the 
Clierrapunji plateau. This is the feature which Medlicott noticed 
in the cliff face below the main road south-west of the Maw'smai 


Falls {op. cit., p, 169) and which he thought to be a local feature 
due to false-bedding, naming it as ‘ pseudo-uuoonformability In 
this section the Cherra sandstone is noticed to overlap, in a northerly 
direction, a sandy limestone, apparently the highest band of the 
Langpar stage of the Cretaceous. A similar feature is noticeable 
about the same horizon in the cliff face looking w'estwards from 
Mawmluh (25° 15' : 91° 42') and also from Painduloi (25° 18' : 91° 
41') towards Mawsynram. The overlap is best illustrated in the 
cliff sections, east of the motor road between Clierrapunji and 
Laitryng^w. Looking towards the west from the Falls *1023, one 
can observe the earthy limestone band of the Langpar stage making 
an angle of 10°-12° with the overlying band of Cherra sandstone, 
which is almost horizontal in this cliff. On a clear day the same 
feature is noticeable on a much larger scale looking from Pynursla 
towards Cherrapunji. 

'fhis unconformable overlap, caused by the custatic movemenf,-! 
of the sea, indicates a definite break in tlic cimtiimity of deposition 
in the Khasi hills during the Cretaoeoiis-Koecne int-erval. It is 
apparent that, following the deposition of the Liingpar stage of 
the Cretaceous, the sea retreated southwards in that area and a 
gentle dip was imposed on the emerged Crci..*;eous sediments. In 
the early Eocene, the sea again transgressed northwards resulting 
in the deposition of the littoral Cherra stage and the overlying 
variable strata of the Nmnmulitic (Sylhet) sequence. From time 
to time during the Eocene, deltaic (Jonditions prevailed Iwally. 
Drifted vegetation brought from inland became buried in the sand 
and mud and was ultimately converted to coal, the larger accumu¬ 
lations forming definite seams intercalated in the sandstones of the 


Cherra and the Sylhet limestone stages. 

The hiatus and the pause in sedimentation preceding Cherra 
times are further indicated by the occurrence of several bands of 


Evidence of the Cherra 
conglomerate. 


conglomerate near and at the base of the 
Cherra stage and by the absence of the Langpar 
band from the western end of the Cherrapjinji 
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plateau, where the masaive Cretaceous sandstone is also attenuated. 
It is not unlikely that the attenuation of the Cretaceous beds may 
represent a local break in sedimentation in Langpar times which 
be(!anic a general feature of the plateau later on. While the Langpar 
stage was being deposited on the eastern side of the plateau, an 
upward tilt of the sea bed on the western side would bring the 
Cretaceous strata within the reach of the agencies of denudation and 
BO thin them down by erosion. 

The evidences cited above establish a hiatus between the 
Cherra stage and the fossiliferous Cretaceous beds on the Cherra- 

pimji plateau. In the submontane tract near 
riaglwt"** ** Ther* Therriaghat, however, there is a passage from 
’ the undoubted Cretaceous intf> the massive 

limeMU>nc, which is hoinotaxial with the Cherra stugc of the f)latcau. 
It seems, therefore, that while away in the open sea in tiic Mahjulek- 
Therriaghat region uninterruj)tc<! sedimerdation was taking place, 

thc! present Khasi hills plateau from Mawsrnai northwards formed 
a land surface after the close of Langpar times and remained so 
till it was siibrnergeil again in Cherra times. ft is nece.ssary, there¬ 
fore, to separate the Cherra stage of thc Clierrapunji plateau from 
the Cretaceous, to regard it as the basal stage of Medlicott’s Num- 
mulitic series and to ])lace it in the Eocene. 

Although the Cherra stage can be separated from the (Vctaceous 
in tlie plateau^ there is not sufficient palaiontological evidence to 

Discussion on the <lceide the exact age of thc stage. The fossils 

probable age of the collecte«l and identified by Mr. Mukerjee from 

Cherra stage. Clierra sandstone of the daintia hills are 


(bivalves) MacrocalUsta mrgata d’Orb., Cardium hrougniarti d’Arch., 

Cgprim cf. transcersa d’Arch., Cardila sp., Mdocardia sp., and a 

gastropod, Natica sp. Thc fossils merely indicate Low'cr Tertiary 

age but <lo not allow of a more precise definition. The a-ssociation 

of the basal portions of the Clierra stage with 
Evidence of lateritc. , . sir* ^ 

latente and kaolin m vanous parts of thc 

Garo, Khasi ainl Jaintia hills is an additional evidence for placing 

thc stage, in the base of the Eocene, because laterite is known to 

occur at many places at tlie base of the Eocene of North West India. 

Dr. Fox’s sugge.stions, that there was a main laterite-forming period 

in Northe»‘n India in early Eocene times and that the kaolinisation 

of the gneisses of tlie Garo hills occurred about thc same time (Heron, 

19^6, p. 34), appear to agree with the available data in Assam. 
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The points that deserve special attention in this connection 
are the ages of the Langpar stage of the Cretaceous and the Sylhet 

stage of the Eocene, since the Cherra sandstone 
stBK^ * * Langpar intervenes between the two former sets 

of beds. The fossils that were examined by 
Spengler are from the sandy Mahadck beds of the Creta<;eous and 
indicate Upper Senonian age, * that is the Upper Campanian accord¬ 
ing to Grossouvre or to the Maestrichtiau according t(> Hang' {Speng¬ 
ler, 1923, p. 65). The overlying band of calcareous shale and 
earthy limestone (Langpar stage) have yielded casts of numerous 
gastropod such as : Xeriaphora, Cwula, SlrigeUilla, Apphorais, Cyprea, 
TurriteUa, (bivalve) Corhula, (echinoid) Hemiaster sp., (scaphoda) 
Dentalium sp.y (ammonite) Pachydiscus up., ? BaeuUtes sp., and 
tliroe nautiloids, of which a fragmentary piece shows a close resem¬ 
blance to Hercoglossa daniem, a typical Danian form, while the 
other two bear similar affinities to the same. Coming as it. does 
on a higher stratigraiffiical horizon than the Mahadek band, the 
Langpar stage can, therefore, be placed in a position corresponding 
to the Danian. 

As regards the SyDiet limestone stage, it is possible to fix the 
age of its upper part only, since the different species of NummuHk y 

which have been identified are restricted to 

Ui^tone ita^! *^***** upper limestone. They belong to the upper 

Laki or Lower Khirthar of the Eocone (Pascoe, 
1925, p. 40). The Aheolina-^mtis,Ume of tin’ middle portion of the 
stage can conveniently be placed in the Laid, but tlic oge of the 
lowest band of foramiuiferal limestone remains imdctorrained. 

It has already been stated that between the lowest baud of the 
Sylhet limestone stage and the Langpar band, the equivalent of 

the Cherra sandstone is represented, on the 
brSk***”'* ** faunal Sohryngkew near Ther- 

liaghat, by a plant bearing sandstone underlain 
by a feebly fossiliferous ‘ fnassive ’ limestone, which carries thin 
bands of shale near its base and passes into the underlying 
impure earthy Langpar limestone. The hiatus at the top of the 
Cretaceous on the Cherrapunji plateau, is, therefore, represented 
by a continuous series of deposits in the submontane tracts, cast 
of Therriaghat. Although the latter are apparently conformable 
on the Langpar band on the one hand and to the overlying Sylhet 
limestone stage on the other, there is a big faunal break, since ^one 
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of the Cretaceous forms survive in the ‘ massive ’ limestone that 
intervenes, feebly fossiliferous though it may be. It is reasonable 
to assume that this limestone must have been laid down at a time 
characterised by such changes in climatic and physical conditions 
as were hostile to the survival of the specialised fauna of the Creta¬ 
ceous sea, resulting either in tlieir migration to places where ecolo¬ 
gical conditions were favouable or the wholesale extinction of these 
forms. This may be the reason why the ‘ massive ’ limestone is 
so sparing in organic remains, although they oi;cur in profusion in 
the limestone bands of the Laid and Danian above and below it 
respectively. It is evident that Paleocene time was ushered by a 
<!ataclysmal change in Assam which explains the impoverishment of 
fauna in the lower portions of these beds. 

It, therefore, appears reasonable to conclude that these poorly 
fossiliferous, ‘ massive ’ limestones of Themaghat together with the 
Conclusion overlying plant-bearing sandstones are of lower 

Eocene (Ranikot) age, bridging the gap bet¬ 
ween the fossiliferous upper Cretaceous and the Laki. To the 
north of Therriaghat on the Khasi hills plateau, this Ranikot phase 
is represented in part by a time interval—evidenced in places by 
the unconformity that is found at the base of the Cherra sandstone 
stage—niid later by the strata of tlie Cherra stage itself. 

Parallel conditions aj)pcar to have prevailed in north-west India 
where, in Sind, the break between the Mesozoic and the Tertiary 
is slight or is absent altogether, whilst further north in the Punjab 
the time interval separating the Mcvsozoic and the Paleocene is 
considerable, and is often marked by a prominent unconformity. 
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Plate 1. 



FIG 1 CREIACLOUS SANDSTONES DIPPING SOU i rt AT 3b 
WEST BANK OF THE UM SOHRYNG KEW. 
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G. .S’ I. Calcutta. 


FIG. 2. GENTLY DIPPING CRETACEOUS SANDSTONES. 
EAST BANK OF THE UM NGOT, 
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Plate 2. 



FIG. I. UNCf'^‘’ORMITY BETWEEN LANGPAR LIMESiONE (LOWER CLIFF) 
AND CHERRA AND NUMMULITIC (SYLHET) SANDSIU.'lES (UPPER 
CLIFF), NEAR FALLS .1023, SOUTH OF LAITRYNGEW. 



A. M. N. Ghosh, Photos. Calcutta. 

FIG. 2. CONGLOMERATIC CHERRA SANDSTONE (WITHIN 200 FEET FROM 
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FIG. 1. CHERRA CONGLOMERATE, EASTERN SIDE OF 
THE RIDGE, SOUTH OF MAWLYNGNGOT. 



A. Af. N. Ghosh, Photos. 


FIG. 2. CRETACEOUS CONGLOMERATE, 
(OVER 5(X) FEET FROM TOP OF CLIFF), 
EAST OF CIRCUIT HOUSE, 
r.MFRRAPIlNJI. 



G. 5 1. Calcutta, 


FIG. 3. MASSIVE CRETACEOUS SANDSTONE 
CLIFF, OVERLAIN BY BEDDED CHERRA 
SANDSTONE, FOOTPATH TO 
NONGSTEIN. 
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Permian Fusulines from the Karakoram. 

By Carl O. Dunbar. 


Through the kiiulueas of th«' (Ji*<>logu;al Survey of India, 1 re¬ 
cently received for examination a .small piece (»f fiisulinc-bearing 
limestone collected from Calcareous Sandstones in the Shaksgam valley 
between the Karakoram and Aghil ranges (collection K41/464).* 
The specimen contains two large. (^longat<‘ species of Paru- 
fumlina. Although both an* new, th<jy represent a stage of fusu- 
line evolution of uiunisUikable Permian age. It is b(4ievcd that 
they arc somewhat younger than the zoru’ of J*arafunttlintt knUaernhs 
(Schwager) in the Ix)wcr Productus limestone of the Salt Kaige. 
They are definitely younger than the Artinsk .H<;ries of the U. B. 8. 1<- 
an<l probably fall in the horizon of the iipjX'r part of th«‘ r^eonard 
or the Word, formation of Texii.s. 

Parafumlina skipfotti Dimbar. sp. nov. 

Plate 1, figure.s 1-7. 

Description .—A subcylindrical .species of (> to 7 volutions, attain¬ 
ing a length of 16 to 17 mm. and a diameter of 2-3 to 2*6 mm. The 
lateral slopes taper slightly toward the sharply romuled poles. 

The prolotjula range ii size from about 100 to about 226 microns 
and have a very thin wall. The whorls are low and the radial 

* The loeeib wen dieeoTend and oollocted in ltf37 by Mr. J, B. Aaden el the Geological 
Survey of Indie whOe he wee on an expedition in the Karekomm led tqr Mr. E. fflllpton, 
• weU-fcnown monnteineer. 
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expuiHion gradual. Tin* siicll elongates very rapidly, the form 
ratio being near 5-0 in the third volution and over 6*0 at maturitv. 

The fipiral wall is only 15 to 2t» microns thick in the first whorl, 
irieieasing slowly to a maximum of 70 to 90 microns in the sixth. 
Jt is distinfitly alveolar ami is almosit entirely formed of the kerio- 
thec a. the tectum being very thir. 

The septa are in usual in that the basal margin of each is re¬ 
gularly and deeply folded whereas the upper half or more is almost 

plane. As a result, the se|)tal hw|).s appear low and rounded in 
spite of the faet that the foldii g has reached the parafuFulinid 
stage amJ low euuieuli are ilearly shown in tangential slices (Plate. 

1, iigures 4 and 5). Septal pores are sparsely scatrere*! and rather 

obscure in the specimens studied. 

The t.iiniiel angle is wide, increasing from 25‘'-:J4'' in the first 
volution to a maximum of 5(»® or G0° in the fifth and sixth, but there 
is considerable variation as shown ii the table below. There are 
no chomata at any stage of growth. Om? of the most distinctive 
features is the massive axial filling that begins a short distance on 
each side of the middle and ext.<‘n(ls with increasing diameter almost 
to the ends of the rhell. 

• I'ahh of meamrements. 

* (In mlllimeten) 
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Pi:op. Papfr 5.1 Dvnbar : Pcrmhtti ¥usuUih:h from Kamlwmm. 3 

* • 

Specimoiks 1, 2, 5 and 6 are ilhiatrat^'d nil plato I aa iigiirea I, 3» 
(> and 7. 

Discussion.~hi shape and in if*s almornially low sopi^il folds, 
this species shows considerable resemblance to “ Fmulina ’* <w#w>e/'i 
Schubert of the Penniau of Timor. However, that species is somii- 
what smaller and relatively thicker than this, having a normal 
length of 10 to 13 nun. and a diameter of 2-2 to 2*5 mm. Jt has an 
axial filling similar in di-stribution to tliat of our spt'cies but far leas 
massive. There is a pronounes'd diflfertmee also in the form of the 
overlapping ends of the whorls as seen in axial si‘ctions. 8ohu- 
b(*rt’a single figure of a .slice' of rook, showing on»‘ good axial s(.a’tiou 
and fragments of others, does cu»t indicate clearly the presence of 
cuniculi but one specimen at the lower right corner of his figure 
siiugests their presf'ucc. 

Some of the axial sections figured by C-olani (11)24. pi. 14) as 
Fxsuliiui lonffissimn Mfillcr rcseml)lc' our species very closc'h. Hc^r 
materia! \sas from tlx' Permian of Indo-tJhina and .ippears re- 
pieseiit more tliar oue species, neither of which c.an la' identified 
with Mbller’s form from llu.ssi.c. Figures 4 and 20 of plate 14 of 
Oolnui's monograph indicate a subcylindrical species shaped much 
like ours. Iiaviiig a similar axial filling, similar low septal loops, and 
a thin-walh'd prolociilum. Moreover, the volutions overlap .u the 
ends much as thc'y d*» in our sjK'cic^s. But Od.aiii’s specie's has a 
lengtli of only 10 mm. at 0 or 7 volutiems while ouTs has a length of 
](! mm. MoreovcT. the, icxial filling is much •more massive in our 
.species. It is not c lear from Oolani’s figure's whether c'uniculi are 
present .‘Hid tlx* septal ('voliition may be !• s advancc'd than it is iu 
our .'■pc'cies. 

Tlx're Is considerable resc'iiiblaucc* to Sckioagcfin'i Unttiri-s Dun¬ 
bar and Skinner from the Wolfcamp forinati<»n of Tc'xas, but that i.s 
a smalh'r spc'c'ies and is in a less julv'aix'cid stage of sc'ptal evolution, 
having no cciniculi. There is also a superficial ies<*mbl;incsj to 
Polydicxoilitm persic/i Kahler, but in that form tlxj He[>tal folds are 
high and supplementary tunnels are piciscmt. 

The large size and especially the stage of scpt.il evolution dis¬ 
played by ParafusvUm shiptoni sp. nov. indicates besyond any doubt 
a Permian age. No species as large or as advanced as this has been 
found in the Artinsk division of the Permian in linssia. The new 
species is piobably somewliat younger than Parafuauiitia kaUaensis 
(Schwager), the common one in the Lower Prcxluctus limestone of 
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the Halt Range. Its stage of evolutioii. indicates an equivalent! to 
the upper part of the Leonard formation or to the Word formation 
of Texas. 

Ot^r/e/ice. Three miles south of Durbin Jangal, Shaksgam valley, 
at about 13700 feet (36°2' : 76®40'). Geological Survey of India Type 
Nos. 1726«—17274. 

Pamfusulina sp. A. 

Plate I, figure 8. 

Aiwociuted witli many .specimeas of P. shiptoni, we di8Cov<?red 
a single Hp(‘<‘inien of entirely different form, of whieli a peifect 
axial section was secured. Although it was embedded in solid 
matrix with P. shipUmi, no other fragnuMits of this .stout .species 
could he fouiul. Ueluetaiit to bas(> a .species on a single swtion, 
however good, we merely illustrut** and doscribe this specimen 
without a name. 

Ah shown by figure 8 of plate 1, it is a .stout, subeydindrieal shell 
having blunt ends and no inflation at the middle. Corusi.sting 
of 51 volutions, it has a diameter of about 3*2 mm. and a length of 
about 13’7 mill. The shape ehauges gradually during growth, 
being elongate-fusiform with pointed end.s in the early whorls. 

The prolocuiiiiu has a diameter of 2iK) mierons, i,*< .subsph(‘rieai. 
and has a moderately thin wall. The equatorial expansion i.s 
gradual and tlu* eoiliiig rather loo.se. The .spiral wall has a thick¬ 
ness cd' •()7b mm. in the seeond voliiTioii. -070 mm. in the third. 
•U85 mill, in tiu' fourth and -KK) mm, ii the fifth. It is distinctly 
alvetdar. As in tlic aasociatod P. fthiptoni, the septal folds are 
rather .stixuig and regular, hut are i hitsfly limited to the lower margin 
of ea<‘h septum. The tunnel is wide, its angle measuring 42°, 45°, 
65®, 68® and (il . re.sp«*ctively, in tlie 5 volutions. Axial tilling by 
epitheca is limited to small, diseonnetded splits near the axis in the 
ends of successive whorls. 

Thi.s species has no close resemblance to the associated P. ahip- 
(otii and appi'ars to be unde.®;cribed. It re.sembles Scinmgerina 
aetutn Dunbar and Skinner, which occurs high in the Bone Spring 
limestone {i.c.. Upper Leonard) of West Texas, but differs there¬ 
from in numerous details. For example, its septal folds are lower, 
its ex)>ansion is more rapid, it is larger in corresponding volutions, 
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its form ratio is less, and its tuimel angle is considerably greater 
than that of the Texas shell. It is presumed that the septal evolu¬ 
tion has advanced to the stage of Parafusulina ir» the Indian species 
but, unfortunately, this cannot be proved by the axial section. 
Occurrence.- -Same as ParafusuUno fthiptoni sp. nov. 

PLATE I. 

Parafimdina ghiptoni Dimbar, sp. nov.p. 1 

Fios. 1-3. Axial sections (xlO) of three <jotypes. Q. S. I. Type 
Nos. 17268-~17270. 

Fioa. 4,6. Tangential slices (X10) of two cotypes, showing the 
evidence of cuiiiculi (c). G. S. I. Type Nos. 17271 and 
17272. 

Flos. 6, 7. Sagittal sections (X10) of two cotypes. G. S. I. Type 
Nos. 17273 and 17274. 

Parafusulina sp. A...K41/484b.p. 4 

Fio. 8. Axial section (XlO) of the unique specimen. 
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I. INTRODUCTION. 

Between the Himalayan ranges on the north and the great 
Indus-Ganges-Brahmaputra plains on the south there is a series of 
deposits of Middle and Upper Tertiary age forming the foot-hill 
zone of the Himalaya. These consist of an older Murree series of 
Lower to Middle Miocene age and a younger Siwalik system (or 
series) of Upper Miocene to Lower Pleistocene age. The rocks 
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of thi: Siwalik Hystcm arc found all along the Himalayan foot-hills 
from the uorth-easternmoHt corner of Assam on the east to Jammu 
and Kashmir Stato on the west and thence along the hills of the 
N.'W. F. I’.. Baiuchistaii arwl Sind dowm to Karachi. Though it is 
conceded tlml this thick scries of Siwalik rocks was of fluviatile origin, 
yet. tin* (‘xjict mode of deposition is rather obscure. 

Jt. 1). Oldham was of tin* opinion that the Siwalik beds were 
deposited subaerially by .streams and rivers and also that the whole 
(Iraimigc! of Northeni India at tliat time had only one outlet to the 
sea, probably in Sind. In 1919, two geologists of the Geological 
Survey of India—I>r. (now Sir) E. H. Pascoc (30) and Dr. Guy E. 
Pilgrim (86)- each publisljcd a paper in which the hypothesis was 
put forward that the Siwaliks Avere laid down by a single large river 
flowing from the north-east corner of Assirm along the foot of the Hima¬ 
layan tf) Kashmir and then southwards to the Arabian sea. To 
t})i.s river Pascoc gave the name ‘ Indo])rahm for he thought that 
the modern Indus and the Brahmaputra arc the dismembered parts 
of tills original ri'/er. I)r. Pilgrim, who had extensive knowledge 
of the Siwalik strata, had come to much the same conclusions quite 
irulepeiuh'utly, ami gave it the name ‘ Siwalik River ’ basing his 
observalioiLs particularly on the distribution of the boulder-conglo¬ 
merates of the Siwalik system. 

Ill recent, yi'ars much geological work has been done on the 
TiTtinries of thcTunjab and Assam by the members of the Geological 
Survey of India and other geologists. It appears therefore worth 
wliile reviewing the results of these investigations in connection with 
the (jiH'stion of the Siwalik sedimentation, and particularly with 
the idea.s advanced by Paseoe and Pilgrim. 


II. PASCOE’S HYPOTHESIS. 

At the outset let us state tlie arguments put forward by Pascoo 
in support of his Indobrahm river. The main points of Pascoe’s 
hypothesis are (30, p. 138):— 

“ i. That in £!ocene times a gulf extended from Sind ncvthwaxds ta far as 
Afglianistan, and thence uurved eastwards and south-eastwards 
through Kobat and the Punjab to the neighbourhood of Naini Tab 
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ii. That this gulf gave place to a great river,*Uie headwaters of which cousisted 

of the portion of the Braha.apuira flowing through Assam. This 
river flowed westwards and north>westw'ar^ along the foot of the 
Himalaya as far as North-West Punjab, where it turned southwards 
along a line not very different from that of the mcKieni Indus, and 
emptied itself into the Arabian sen. In other words, the Assam 
Brahmaputra was once the headwaters of the Indus. 

iii. That two separate rivers or t.ro branches of the snme river dobouching 

into the Bay of BengnI, cut back and liobeaded this old Indus, the 
eastern capturing the Assam portion to form the Brahmaputra, and 
the western capturing gradually piece by piece the fiortion that in¬ 
tervenes between Assam and the present damnu. 

iv. 1'hat in the meantime this old river was being still further reduced by 

the piecemeal capture of tlie portion lying ladwenu the «Iamna and the 
Jhilam by its own tributarkv;, the Jhilam. the Cbeaab, the Ravi, 
the Beas, the Sutlej and the Ghaggar. 

V. That the Attock part of the piesent Indus was a tributary of this old 
river, which at a comparatively early jHiriorl cut its way hack into 
Kashmir, where it captured the upp(*r waters of a large river that 
flow'ed north-WTstwards, and either found its way into the Oxus or 
curved south-westwards into Kasteni .Afghanistan.'’ 

Further, he has explaiued his ideas regarding Hiwalik drainage 
and sedimentatiun in the following manner (30, p. 145): - - 

‘*(1) A marinu gulf originally occupied most of the same line, and during 
the silting process the oil and coal of this region were produced and 
gypsum was deposited: this hydrocarlmn, coi|l, and gypsum belt 
follows the Nummulitic outcrop from Kumaon to the Mekran coast. 
Such a fillcd-up gulf is naturally followed by a river—for instance, 
the Burma gulf by tho Irrawaddi, or ibe Mosopotainian gulf by the 
Tigris and Euphrates,—which would be ptished farther towards the 
(«ntro of the poniiisula by the persistent movement. 

(2) The supposition that the Siwalik deposits were laid down os enormous 
talus-fans by the monntain-stroams which issued from the plains, 
has always been difficult to accept in view of the great thickness 
of the deposits—^for they average over 16,000 feet—and their great 
extent. An almost unbroken belt of these beds can be traced, usually 
in great thickness, from Assam to the Scan valley and thence to 
Baluchistan, bounded externally by continuous mountain country 
consisting, where known, of igneous and very ancient rocks, with or 
without an intervening belt of Murree rocks. It seems Tar more 
reasonable to deduce a single river rather than a number of transverse 
streams. The mountain streams, in any case, must have had an 
outlet to the sea in one direction or the other, and must have joined 
A main river in the plains. 
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(3) There are no i;raun<le tor Heeaming that tho northwarda-flowing drainage 

r»f the old Oondwana uontinent was reversed in Biwalik times. Tn 
fact, the depression of the troagh would have invigorated tins drainage, 
which, it is highly probable, persisted to this day. Tt seems almost 
4 'ertain, therefore, that this northerly drainage most have met- 
the southerniy Himalayan drainage in a large river flowing either 
south-fMuttwanls or uorth-tvestwards. Hince the Siwalik outcrop is 
not continuous to the sea south-eastwards, but is practically conti¬ 
nuous nurih-w’estwards and subsequently southwarrls along the line 
of an old gulf, it -•eeras reasonable to assume that the river followed 
this direction. 

(4) This Biwaiik lielt is sucofjoded on the side towards the peninsula, and 

remote from the mountain-building, by a similar and even thicker 
belt of n>cent river-deposits, to be mentioned later. 

(5) Many of the streams draining the Himalaya have north-westward point¬ 

ing V’s in their <!ours»> w'herc they cross the Tertiary foot hills, or 
»vhen! they enter the plain. 'I'hese an* thought to indicate, according 
to Hr. Pilgrim’s suggestion, a former north-westwurei-flowing main 
river, of which these streams were tributark« (sec below). 

(fl) 'I’lie similarity of the rivur-fuuna in the Ganges and in the Indus points 
to a connection bcist explained on the asBuni[)tion of a large main 
river imiting what are now the Ganges and the Indus basins (sec below). 

(7) The similarity in nature and strike between the Shillong Plateau and 

the northern region i»f the Indian Peninsula makes it probable ttiai 
they n'present what was 0111*0 a continuous feature, the flank of a 
long river valley. It is this continuity of the physiographteal and 
geological features along this lint* from Assam to tlu* Punjab that is 
HO striking., Then* is a continuous regular mountain-arc of ancient 
rocks on the north ; thoro is a parallel upland of similar ancient rocks 
on the south, continuous btmeath the presumably shaUow gap between 
the Rajntahai and Gam Hills ; lietween this mountain-arc and the 
upland is a cuntinuoiis outcrop of Alluvium of great maximum thick¬ 
ness, occupying a continuous trough, and succeeding what there is 
no roastm to doubt, is a c*ontinuouH Tertiary river deposit. The sub- 
alluvial barrier deduced north-north-east of Delhi int«rrui>ted neither 
the continnity of the Siwalik deposits nor that of the Alluvium. There 
is no rock barrisr in the plains at the present day between the basins 
of the Indus and the Ganges, the watershed beii^; a scarcely perceptible 
one. 

(8) The two hypotheses of single westward-flowing river flanking the Hiina- 

layaa throughout their length, one on the Indian side and one on the 
Tibetan side, mutually support each other, and are strengthened by 
the curious parallelism between the histories of these two hydrographic 
lines (see below).” 
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HI. THE PRESENT FEATURES 01^ NORTHERN INDIA.* 

A modern topograpliical map of India will show that the Ganges 
has H general eastward course, and its tributaries both from the 
Himalaya and from the peninsula meet it after flowing more or less 
in an easterly direction. The Brahmaputra (Tsang-po) has a long 
easterly course in Tibet, but cuts across the Hinvilaya in a south¬ 
ward direction and then flows westward and southward to join 
the Ganges. The Indus flows first north-westwards, then turning 
southwards (and south-westwards) empties itself into the. Arabian 
sea. All its tributaries have a general south-w'esterly course except 
thost' which come from the west. The divide between the Indus 
and the Ganges basins, which passes through Delhi and Ambala, is 
barely 900 feet above sea level. This divide, is a continuation of the 
Aravalli range traversing Rajpiitana, and geological work has shown 
that its influence is felt in the Himalayan region along its north¬ 
easterly continuation pp. 167-158). 

In order to understand the evolution of the Siwalik drainage it 
is necossjiry to trace the geological history of the Himalayas and 
th(‘ contiguous plains from the Eocene period onwards. 


IV. THE EOCENE PERIOD. 


Marine Eocene rocks are found eictcnding from Sind through 
Ouetta, the Sulaiman Hills, Dera Ismail Khan, Bannu and Kohat 
on the north-west, then through Hazara t« Kashmir, Patches 
of the same, formation are found in south-west Rajputana, Cutch 
and Kathiawar, to near Broach. It would appear that the last- 
mentioned patches are. continuous, underneath the recent deposits 
of the Indus, with the main formations of Sind, Balucliistan and 

Salt Range. This Arabian gulf, there is rea- 
An extension of the ^ believe, was conncet<‘d with the Tethys 

sea of the Himalaya and the Tibetan region 
(7, p. 415). The apparent absence of the uummulitic strata between 
Jammu and the Simla region can reasonably be explained by an 
overlap. As suggested by various geologists, the Eocene sea must 
have extended right across Sind-Rajputana-Punjab. while a narrow 


* liegardiog tho HimaU.y«n riven <yee Burrard, Sir S. G., Haydon, H. H. and 
Heron, A. 91.—A sketoh of the Qengraphy and Geology of the Himalaya monntaim and 
Tibet. Delhi. 1933. 
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ttnn of this gulf possibly extended from Jammu to near Laiudowiie. 
No marine Eocene rocks have been found in the Leaser BDmalaya east 
of the last-mentioned place, which it is interesting to note, marks the 
north-eastiirly extension of one of the eastern ridges of the Aravalli 
rang*?. Tl>e outcrops of Nummulitic strata near Naini Tal and Lansiiowne. 
are of small thickness (23» p. 19) and distinctly of shallow water facies 
so that they evidently mark the, proximity of the shore line. 

At the period we are <‘onsidering. th<i Aravalli range should have 
been of greater extent and (de.vation than they are now, and should 

have played an important part as a great 
A»Mw"^rrier^ **** tojwgraphical and hydrographic feature. 

Hi vers would have flowed from these ranger 
westward ns w-ell as eastwrard, while the peninsular uplands of 
Hiimlelkhand and Central India should have been the sources of 
rivers flow'ing northwards to join the Tethys or one of its arms. 

The evide,nce available is not very clear regarding the geogra})hy 
of the Sub-Himalayan region between Naini Tal and the Assam 

Himalaya. No Eocene rocks have yet been 
lays*****'^****" Hlraa- this tract and this may be taken 

as indicating the existence of a land surface 
liere in early Tertiary time, with the Tethys only a short distance 
to the north. This land should have formed the northern border 
of the Indian peninsula. 

It is only in the southern part of the .Shillong plateau that we 
iind any evidence of an Eocene sea, but this belongs to the Bay of 

Bengal rcgimi. It has been showm by Dr. C. 

****** ******* S. Fox that the present configuration of the 
east »*oust of India took shape in late Mesozoie. times with only slight 
invasions and retreats in later periods. The Upper Cretaceous 
transgression of this sea left a series of deposits including the early 
Te,rtiarv ones in the southern part of the Shillong plateau and the 
Arakan region. 


V. THE FIRST PHASE OF HIMALAYAN UPHEAVAL. 

We shall now turn our attention to the changes that took place 
when the Himalayas began to be formed. In the Upper Eocene 
times the Tethyan basin was lifted up, corrugated and thrust to¬ 
wards the south, producing an extensive nevr topography. The 
advancing mass found the Indian peninsula a comparatively rigid 



7 


Prof. Paper No. 6.] Krishnan ft Aiybnoar : Indobrahm. 

barrier, .* 01(1 between the two units was probably formed a furrow or 
* fore-deep ’ the evidence for which is hOw’ever not clear in the area 
easi of Debra Dun, As a result of these movements, the Eocene 
gulf of the Punjab seems to have become smaller and broken up, 
for there are no deposits of the age immediately following this (f.e,, 
the first phase* of upheaval) in the Naini Tal area. 

The Aravalli ridges lying at right angles to the directum of move¬ 
ment of the Hinuilayas should have offered great resistenco to fold¬ 
ing. But it is probable that the mighty forces of orogeny may liave 
slightly buckled even these oppo.sing ribs. 


InduB badn. 


VI. THE CHHARAT—MURREE PERIOD. 

The geological records are fairly clear in the Indus basin. After 
the first upheaval there came into existence a longitudinal trough 

in which were laid down firstly the Chharat 
and then the Murrec sediments. This trough 
appears to have been much shallower and broader on the west than 
on the east, for it is believed that the Himalayas w'ere elevated 
to a greater degree in the east than in the west during the upheaval. 
As a consequence, the trough in the east should have been 'leop 
and narrow and any sediments deposited in it might (X>nceivably 
have been covered over by later ones. 

The sediments deposited in the region of nortll-weateni Punjab 
after the first upheaval are known by the name of Chharat series. 

They contain both matine fossils and remains 
rs^"^*** * **** ^*'**** terrestrial (marshy land) animals. These 

basins of deposition were still more or less 
marine in nature. It is not clear to what extent sediments were 
derived from the newly formed HimalAya to the north and from the 
Peninsular area to the south and soufh-cast. 

The Subathu beds of the Simla foot-hills are generally correlated 
with the Chharats. They comprise grey and red gypseous shales 

together with some nummulitic limestone len- 
foot>billi; while at their base there is a bed of 

pisolitic limonitc. There appears to be no 
definite information as to the exact age of the Nummulitic beds of 
Naini Tal region but they are likely to be of the same age as the 
Subathus. . 


Simla 

Svbstbat. 
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The Murree aediments (Miocene) were laid down in basins whose 
waters were gradually becoming brackish from the previous saline 

state (23t p. 113). The greater part of tht; 
Mtmeck* •’***"*’ • sediments seems to have been derived from 

the peninsula, since they contain much iron 
derived from the disintegration and oxidation of ancient rocks. 
The great thickness of thes(^ rocks near Murree may be due to this 
area being a large lake or lagoon which gradually deepened and kept 
pace with the sedimentation. The presence in them of plants 
(like Sabal major) and numerous mammalian remains points to the 
gradual establishment of fresh-water conditions. 

As regards the distribution of the Murree sediments it is to be 
noted that they are represented by the Dagsliai beds of the Simla 

region which are regarded as the equivalents 
Simla Region. Murrees. They comprise bright rod to 

purple nodular clays and fine grained sandstone. Middlemiss states 
that the gradual passage of the Subathu clays into the sandstone 
of the Dagshai and Kasauli stages has also been accepted as proving 
a gradual change from marine conditions to those of fresh-water. 
They terminate at the Aravalli barrier quite a good distance west 
of the easternmoet nummulitic outcrops, while the Murrees extend 
westwards into the North-West Frontier Province and then south¬ 
wards. 

VII. SECOND I^HASE OF THE HIMALAYAN UPHEAVAL. 

The second phase of mountain building, which was of Middle 
Miocene age, seems to have been of great magnitude for, after this, 
the Tethys was obliterated from the Himalayan region. This 
created a very well recognisable furrow all along and just south of 
the Himalayas about which we shall speak presently. But at the 
same time were established land conditions in the Himalayas and 
also a definite southerly drainage. 

In the eastern (Ganges-Brahmaputra) drainage basin this furrow 
is recognised by the presence of SiwaJik rooks. It is not known 
whether this region was connected with the Bay of Bengal after 
the first upheaval. But there seems to be every probability that 
the second upheaval broke down the barrier across the Rajmahal- 
Qaro zefpon. 
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In the Middle Miocene we notice evidence of the extension of the 
Bay of Bengal, for deposits of this age are seen at various places 

on the East Coast as far as Orissa and also 
fion*of*^y o/?"iiga?‘ southern border of the Shillong Plateau. 

The Cuddalore Sandstone, the Itajahmundry 
Sandstone and the Miocene beds of Baripada in Mayurbhanj consti¬ 
tute the evidence of this transgression. 

As regards the extension of the Bay of Btuigal into the Ganges 
valley, Pascoe thought that there was no siujIi connection in the 
Miocene or even in the PUocene, and advocated the formation of this 
gap through the Rajmahal ridge in Pleistoc^ene times without 
assigning any convincing reason in support. 

If, however, we look into the structure of the Shillong Plateau, 
we notice that it has been subjected to movements from two sides, 

one from the north by which ovorthrust faults 

Ra^mshaVdeilSBglSr' developed and one from the east 

producing extensive block-faulting, the 
blocks being bounded by north-to-south faults. The portion of 
the old ridge between the Rajmahal hills and the Garo hills appears 
to have been depressed during the period, probably by the downward 
block faulting or by buckling, because, of the thrust from the east. 
The cause envisaged here is quite adequate for producing the gap 
in question, and it should be pointed out that no such convincing 
tectonic cause is available at a later age to explain the formation 
of the depression. Moreover, if the gap were of pdst-Pliocene age 
as thought by Pascoe, the topography of the region would be decided¬ 
ly less mature than it is, as pointed out by C. K. N. Broraehead in the 
discussion of Pascoe’s paper before the Geological (Society of London. 
Bromehcad has stated {Quart. Joum. Geol. Soo., 75# p. 15^. 1919):— 

** If the lower course of the Ganges and the Brahmaputra was also of recent 
date, and due to the cutting-through of a hard ridge joining the Indian Peninsula 
to Assam Hills, one would expect a gorge similar to that of the Indus instead 
of the broad open valley which, on the map, had all the appearance of mature age.'* 


VIII. SIWAUK SEDIMENTATION. 


The Siwalik sediments, ranging in age from Middle Miocene to 
Lower Pleistocene, were deposited in the furrow formed after the 


Punjab region, 
glomerates and 


second upheaval. The lowest beds (Kam- 
lials) arc bard brown BandHtontis, pacudo-con~ 
shales. The beds above (Chmita) are mediuj^i 


B 
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grained grey eolnured sandstones with al)uadant bright red shales. 
The Nahans, which are the equivalents of the Chiiijis in the Kashmir- 
Simla region, are highly arenaceous and comprise indurated brown 
and grey sandstones and red shales. 

The Middle Siwaliks in the Punjab region consist of thick-bedded 
massive grey sandstones, clay beds becoming more prominent to¬ 
wards the top. In the Upper Siwaliks, the lower beds are coarse 
grained Siindstones whieli give place to ])eds of shales and of conglo¬ 
merates further up. Tlu; topmost be<l is the Boulder Conglomerate 
consisting of large boulders in a fine-grained silty matrix. 

In the Oarhwal region, the. Nahans attain a thickne&s of 6,000 ft. 
according to Middlemiss. The Middle Siwaliks of the Kumaon- 

Garhwal tract is termed ‘ sand-rock being 
KumaotfflBrhwal. , , ... . . 

micaceous sandstones with some ferrugin¬ 
ous matter, and also some brown to red clays. They arc 7,000-8,000 
feet thick here, according to Middlemiss. The sandstones contain 
graiiLS of -jasper and ainetliystiiie quartz and magnetite, felspar, etc. 
The presence of those, and especially of jasper grains, might indicate 
that the source was at least partly the crystalline rocks of the 
Peninsula to the south. The Upper Shvaliks of the Garhwal region 
are said to contain pebbles derived from Himalayan rocks—Nahan 
sandstones, granite, trap, quartzite and vein fiunrtz,—and also 
bands of clay and loamy matter. Middlemiss assigned a thickness 
of 5,000 feet tg the Upper Siw'aliks of tlio Kumaon region. 

The Siwaliks are known to extend eastwards along the foot 
hills of Nepal and Bhutan. In the latter region ( 31 , p. 23) they 
Bhutan overlie Gondwana or older rocks. The out¬ 

crop, where examined, w'as six miles wide and 
show'cd a fairly full succession. The lower beds consist of blue 
(days with fine grained argillaceous sandstone and indurated clays. 
Overlying these are ‘ pepper and salt ’ sandstones containing a few 
pebbles. Above these are conglomerate beds containing small peb¬ 
bles at first, the size of the pebbles gradually becoming larger up to 
the size of a mans head. Some of the Siwalik sandstones are highly 
ferruginous. 

There are some breaks in the continuity of Siwalik outcrops 
in this region, especially one for a length of about 40 miles to the 
east of the Jaldoka river (80, p. 48). 
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Daphla Hills. 


In the Aka Hills La Touche ( 18 » p. 122) found Siwahks form* 
ing a conspicuous band and overlying the Gondwanas. They are 

Aka Hills. composed of sandstones, partly quart- 

zitic, and conglomerates and carbonace¬ 
ous shales. 

The Daphla hills and the Subansiri valley ( 10 , p. 194) also show 
similar Siwalik formations which rise abruptly from the plains to 

form hills 2,000 to 3,000 feet high. They 
consist of sandstones and conglomerates, the 
former containing silicified wood. 

In the Abor Hills tract the Siwaliks attain a good development 
and comprise various types of sandstones and conglomerates. The 

‘ pepper and salt ’ sandstones found here are 
probably of Middle Siwalik age. Dr. Coggin 
Brown (5» p. 237) states that the Siwaliks are continuous with those 
found in the Subansiri region and further west. 

It is known that the Siwalik rocks continue across the 
Brahmaputra. But there is apparently a break in the outcrop in 

the Sadiya frontier tract. To the south of 
reglon^*^*'^****^”***" Sadiya, Upper Tertiary rocks equivalenir to 

the Siwaliks appear in great force and are 
known by the name of Tipam series (Lower and Middle Siwalik) 
and Dihing series (Upper Siwalik). According to P.^Evais (0):— 


Abor Hills. 


The Tipam series is known over a vast area, being*found as far soath>west 
as the Arakan coast of Burma. It extends through Tripura (Hill Tippers) to the 
Surma valley, is foimd in a few synclinal areas in the North Cachar Hills, is a pro¬ 
minent feature of the outer ranges of the Naga Hills, stretches thence nearly con¬ 
tinuously to the Frontier tracts in the north-east of the Assam Valley and probably 
continues into the Hukong valley of Burma. ^ It is almost certain that the rocks of 
this series occur in the first range of ffie Himalayas and extend beneath the allurium 
of the upper part of the Brahmaputra valley .” (Italics ours). 


IX. GENERAL DISCUSSION. 

In each division there is a preponderance of sandstones in the 
lower portion and abundance of clays and shales iit the upper, 

except in the Upper Siw-aliks in which there 
SlwaSw******^” **** intercalations of conglomerates and 

the upper beds are coarser than the lower. 
As a general rule the Siwalik sandstones are current-bedded whigb 

R 2 
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Indobrahm. 


shows that thoy have been deposited under varying fluviatile 
conditions. The Kamlials and the Chinjis contain appreciable 
amounts of ferruginous matter which should probably have been 
derived from the Peninsula to the south. The pseudo-conglo¬ 
merates erinsist of shale-pebbles whose origin should be attributed 
to a rather dry terrain and to short transportation. The sediments 
seem to have been derived both from the north and south, since the 
soft light-coloured sandstones could have come from the newly 
risen lanrl in the Himalaya. 

The Siwaliks attain a maximum thickness of well over 16,000 
feet. They contain, in places, an abundance of a large variety of 

land mammals, fresh water reptiles and fresh 
fauna******** ^*^**** water molluscs. There is therefore little 

doubt of their having been deposited under 

fluviatile conditions. 

Pilgrim and Pascoe consider the Siwaliks to have been laid down 
by one great river which flowed all the way from the north-east 

comer of Assam, along the area now marked 
by these strata up to north-west Punjab and 

then turned southwards to join the Arabian Sea. No other outlet 

to sea is supposed to have existed, at least till after the Pliocene. 
All the rivers of Northern India arc supposed to have been its tribu¬ 
taries. The dismemberment of this river is attributed by these 

authors to local upheaval in the Delhi-Ambala region which separated 
the Gang(‘s basil' froln that of the Indus, while the head erosion of 
stime Assam river fonned the third basin (of Brahmaputra) which 
inlierited the eastern portion of this river system. 

The Biwaliks, as already noticed, are over 16,000 feet thick 
and the outcrops are several miles broad in places. Over the 

greater part of their length they dip under 

deposition. *'* ^*^****‘ the Pleistocene and Recent alluvia, so that we 

do not quite know their extent underneath 
these later sediments. As Pascoe says, it is difficult to consider 
the Siviaiiks as mere talus-fans, but it appears equally difficult to 
accept them ns the deposits of a single river. They could better 
be explained as due to deposition in large, extensive, fresh water 
lakes which were more or leas continuous and possibly interconnected 
by rivers. Into these lakes flowed many streams both from the 
Uibrtli and south, with a probable preponderance of material from 
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the north. The lakes and marshy lands which formed the basirts 
of deposition should have gradually sunk to keep pace with the 
deposition so as to allow for the accumulation of the large thick¬ 
ness mentioned above. Outlets may have existed for the over¬ 
flow of the fresh w^ater brought in by the numerous inflowing streams, 
but this does not imply that there was only a single outlet as postulat¬ 
ed by Pascoe. 

If a single river was responsible for all the Siwalik formations, 
it is difficult to conceive of these formations being thick and fairly 
wide at the very source in north-eastern Assam. Moreover, a river 
flowing for 3,000 miles needs a gradient which could not have existed 
in what was apparently a w'oll marked fore-deep. Dr. C. S. Fox 
(12, p. 319) has also called attention to the fact tliat (jstuarim? condi¬ 
tions existed during the Siwalik times at th(‘ place imagined as the 
source of the Indobrahm: 

“ It has been suggested that at the close of the Tertiary ora (Siwalik tiiooH) 
a great river having its source in Upper Assam flowed along the base of the Himalaya 
to the Punjab and so round by the Indus valley to the Arabian Scmv of that poricKl. 
Young rivers catting back from the Bay of Bengal, presumably the Bhagirathi 
and the Brahmaputra, have deflected the older Siwalik river or the Indobrahm 
southwards and produced the modern Ganges and Brahmaputra rivers. Hewe^er 
interesting this explanation may be of the birth of the Ganges, its disagreement 
with many facts can be easily proved, such as the prosenoij of an estuary in UpiJor 
Assam close to the supposed source of the Siwalik river.** 

All geologists who have examined the Tipam shudstones to the 
south of Sadiya agree that they rcsc^mblc the* Siwaliks c.loHcly and 
are their equivalents. P. Evans (9» p. 220) states that the Siwaliks 
and the Tipams are in all probability continuous with each other 
underneath the alluvium of the Brahmaputra in. the north-east 
corner of Assam. This would imply that a river in the comer 
of upper Assam would have just as much chance of flowing towards 
the Arakan region as towards the Himalayan region. 

It is improbable that a river wliich flowed along what is now the 
foot of the Himalaya did not seek to find a way out southward 
through the Rajmahal region. We have endeavoured to show tha,t 
the Rajmahal gap should have come into existence before the deposi¬ 
tion of the Siwabks and that there is complete absence of a convincing 
cause of the formation of the gap at a later period. And as the 
SiwaUks undoubtedly should continue southward underneath the 
alluvium of Bihar and the United Provinces, there is every rea#on 
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to believfi in the exintenct^ of Home connection between the Siwalik 
baadn and the Bay of Bengal. 

The idea that the Delhi-Anibala ridge has bee« .subjected to an 
uplift at a v(‘ry recent date is not convincing. This ridge is a rem¬ 
nant of the ancient Aravalli range and there 
j^^^^Saraswatl and the clear (jvidence of any recent tilt. There 

is incontrovertible evidence that the Saraswati 
(Ghaggar, etc.) is a river of historic times, and the drying up of the 
lower reaches of this riv(‘r should be attributed merely to the north¬ 
ward march of th(* Kajputaiia d<5sert. The great liajput kingdoms 
would not ha,v(‘ been established in northern Hajputana in an arid 
region and there is no doubt that (?ven toward.s the beginning of the 
ChrLstiaiJ Era Hajputana \va.s forested utuI far from aritl. The 
capture of tin* nj)per reaches of the Saraswati by the Jumna does 
not necessarily inijdy an uplift; it may merely be dm; to the. head 
oro.sion of an upper tributary of the Jumna. Moreover no one has 
proved that the Jumna is a river of very ree(*ut date and that it is 
due to the Saraswati veering to the south-east from its former south¬ 
westerly course. 

The absence of visible Siwalik rocks south-eastward towards 
the Rajmahal gap and the presence of continuous Siwalik deposits 

westwards along the foot of the Himalaya up 

SIwallkf under Bihar cited by Pas(;oe as reasons in 

Alluvium. ,1.111 ni -11 

support of the Indobrahm. To our mind, these 

do not pri'clude the- (‘xistence of a southward outlet from the fore¬ 
deep. In fact, in a recent paper on the Bihar-Nepal earthquake 
of 1934, Me.ssr8. Wadia and Auden (38t pp. 132-137) discuss the 
evidence and conclude that the Siwaliks extend beneath the gangetic 
alluvium of Bihar for many miles from their visible outcrop.s. It 
is obvious that the continuity of the Siw'aliks to the south cannot 
be apparent when they are covered by younger sediments. Hence 
our ignorance of the extent of tin' Siwaliks under the Gangetic 
alluvium cannot b(' a point in support of a westward flowing river. 

Pilgiim think.4 (and with him Pascoe agrees) that the frequent 
westward pointing V shapes of the Himalayan .streams are indica¬ 
tive of their having been tributarie.s of a westward flowing river. 
According to Pascoe (30> p. 149) -- 

“ The northern limb of each V may Iw n;garded as tlio remnant of a right bank 
Indobrahm tributaiy, which has persistod in its old westerly direction, and has 
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become more deeply impressed and permanent owing to the upheaval of the Siwalik 
deposits over which it flows. The southern limb of the V would represent the final 
position which the capturing stream has taken up.” 


It ja, wo think, impoaaiblo with our preaeut kiiowlotlge to deli¬ 
neate the course of the Himalayan rivers during tiu' Siwnlik times. 

We know, mon'over, that tectonic movements 
rivers*^*** *** appreciable magnitude have taken place 
esjjecially in the western part of the Himalayas 
in post-Siwulik times and these would certainly have prodneed great 
changes in the eounses of the rivers which existed at. the time of the 
deposition of the Siwalik.s, The Siwalik strata theunselves liave been 
uplifted perhaps as mucli as 4,000 feet in post-Siwalik times. The 
Pir Panjal range also gives evi<h;n(‘.e of an uplift of the magnitude of 
some 5,000 or 0,000 feet. These uplifts wliieli were certainly connect¬ 
ed with the later phases of the Hinmilayan iiplieaval must have had 
profound influence on tlu* drainage which existed before. 


The statement by Puscoe gives the' impression that most of the 
streams have the abovementioned V-sl)aped (course, winch generalisa¬ 
tion does not appear to be true. Th<* present courses of these rivers 
may have little in common with pn^vious drainage lines and can 
therefore not be traced definitely to i)re-8iwalik times. In any case, 
the rivers should naturally be expected to cut across the; Siwalik 
strata partly along and partly across the tremd f)f the ranges, i.e., 
in a general westerly or south-westerly dire< t)<‘n m the western Hima¬ 
layas. The drainage will be dependent upon the structural features 
of the mountain terrain which it traverses, and on emerging 
from the Siwaliks will take the direction of t he general slojxi of the 
plaiiu*'. Hence, it w'ould appear that the present hiatures cannot 
be taken as lending support for the argument that these were the 
tributaries of a westerly flowing Indobralim. 


The similarity between the fauna {*f the Indus and the Uanges 
is adduced as further evidence of the existence of the Indobrahm. 

The main point in this similarity is the pre- 
Evidence of Dolphins. jiHied species of dr>lphins in 

both the rivere, whereas the dolphins of the Irrawaddy arc quite 
distinct. R. D. Oldham (36, p. 443) states in this connection that 
the closely allied species must have been derived from a common 
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anceHtor of pre-Siwalik age which later adapted themselves to fresh 
wat(5r conditions. He says— 

“ There is some (lin*ct evidence in favour of the more recent origin of the 
(jlangctiu outlet in the proaenec of closely allied species of dolphins in the Ganges 
and Indus rivers, of a very different generic type from the cetacean inhabiting the 
Irra-waddi. These two sfiecies must be d(;scH>nded from a common ancestor which 
acquired a fresh water habitat, and the differentiation of the Indus and Gangetic 
siicciea have arisen from a subsciquent separation of the drainage areas. The changes 
in the course of the drainage over what is now the watershed region, which will 
be referred to further on, though they opened water communication between the 
Indus and Ganges rivers, probably did so only in the torrential region, which is not 
frequented by the dolphins, and the difference existing between the two species 
indicates more prolonged separation ih.an (-(^uld have been the ease; had there been 
migration from one drainage an>a to the other, when they were put into communica* 
tion with each other by the wanderings of the rivers near the present limits of the 
two drainage areas. We are consequently driven to su]qK)se, either that two closely 
allied species originated indoix*ndontly (jf each other, w'hich is extremely improbable 
to say the least, or that the great bulk of the Himalayan drainage once found its way 
to the sea by a single delta, instead of two, and this must have been either at the 
head of the Arabian sea, or of the Bay of Bengal. The indications of the sea having 
extended up the Indus valley within the recent perio<l and the absence of any similar 
indications in the delta of the Ganges, make it probable that the former was the 
original outlet of the drainage and the formation of the gap between the Rajmahals 
and the Garo hills, and of the Gangetic delta, is geologically of recent date.” 

Oldluim’s arguraent in the above quotation is for supporting a 
very recent date for the submergence of the portion between the 
Kajmahid and the Garo hills. The eonne(;tion between the exis¬ 
tence of the dol'phins in the two rivers and the age of the submergence 
of the Rajmahal-Garo ridge seems to be a little far-fctohed. It 
is, of course, to be admitted that the Indo-gangetic dolphins have 
uud(irgone a fairly long period of evolution to liave adapted them¬ 
selves to a fresh-water habitat. This in our opinion is best explained 
by the dolphms having evolved from ancestors which existed in the 
Eocene sea of North-western India. The Eocene sea was shallowed 
up to some extent, (‘\H‘n isolated in patches, during the Himalayan 
upheaval so tliat at least a part of the faun.a was not free to migrate 
back to the open ocean. As we have already seen, the continuous 
scries of Siwalik deposits point to the existence of a continuous basin 
of deposition the fore-dcop of the Himalaya). During the 

biwalik times, therefore, the dolphins had facilities to migrate all 
along the fore-deep and also to adjust themselves to the gradual 
incoming of fresh-water conditions. This gives an acceptable ex¬ 
planation of the existence of closely related dolphins in t he present 
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day Indus and Ganges basins. The dolphins of the Irrawaddy, 
belonging to a region with a different history, should naturally bo 
expected to be different from the Indo-Gangetic ones which evolved 
over a long period in basins which were cut off from the sea and 
which grew gradually less saline. 

Our idea regarding the nature of the area of deposition of the 
Siwaliks finds support in a paper by the late Dr. N. Annandale (1, 

pp. 144-146) who says that it is not necessary 
nnan a e s v ew. ^ assume that the Ganges and the Indus were 

ever connected together as rivers. The Peninsular mass of India 
was separated from the rest of Asia by a broad strait which was 
almost marine in nature. By the uplift of the Himalaya this 
strait gradually became narrow but did not altogether disappear. 
The streams that drained the southern slopes of the newly formed 
Himalaya should have brought plenty of detrital material which 
helped to fill in the depression. Annandale thought that there were 
large lagoons with interconnecting streams which constantly changed 
their courses. 


Now let us examine the hypothesis advanced by Dr. Pilgrim 
in support of the existence of his Siwalik river based on the study 

of the Boulder Conglomerate zone. At the 
^^Boulder-Conglomer* Siwalik system there is a more or 

less constant horizon composed of pebbles and 
boulders in a silty matrix, and of varying composition and thickness. 
This is the Boulder Conglomerate zone. In certain areas it attains 
a great thickness as in the region between tHc Beas and the Cheriab 
forming the ridges bordering on the plains. East of the Beas, it 
thins down and gradually becomes a series of pebbly sandstones 
towards Assam. The pebbles and boulders vary in composition 
in different places. In the Beas-Chenab tract they are composed 
of white quartzites, dark traps, mumulitic limestones and other 
Tertiary rocks. Pilgrim has suggested that these Boulder Conglo¬ 
merates W'ere the result of deposition by a large river which was 
constantly shifting its course. The materials of these boulder beds, 
according to him, were brought by tributaries from the Himalayas. 
The thinness of the boulder beds in Assam is explained as due to this 
region being near the source of the river and the thickness in the 
Beas-Chenab region as due to many tributaries. 

We have already discussed the improbability of the river having 
arisen in N. E. Assam and quoted Fox in support of our contention. 



18 


Records of the Gndogiccd Survey of India. [ VoL. LXXV* 


In tlie BeaH-Chcnab rc^gioii tin* thickness of the Boulder Conglomerate 
is easily explained l>}' the faef that great upheavals were going on 
in the north-west Himalaya in the Upper Siwalik and post-iSiwalik 
times. At the period we arc considering, the Pir Panjal was cither 
not in exist-eiKie or was only a low ridge which was unable to interfere 
with th<^ southerly drainag<* from Kashmir. The quartz boulders 
and the traps .s(M*m to haxe been derived from the Muth Quartzite 
and the Panjal traf).s r<‘spectively, while the Tertiaries have also 
<!ontributed their share of Ixmldors and fine sediments. Again the 
Iarg(‘ width of t-he formation suggests the improbability of the area 
of depo.sition beitig a flood jdain of a .single westerly flowing river. 
The phenomena are better explained on the assumption of its being 
large lake basins or lagoons which would have permitted the deposition 
of lK»ulders and finer sediments by glacial rivers flowing down from 
the hills. Por, we know that in the Bouhler (longlomerato times 
the Pleistocene lee Age had already s<*t in. The absence of such 
conspicuous Boulder beds in the ea.stern Himalayas may be due to 
the uplift t)f this period not having been important enough to give 
the necesstiry rejuvenation and steep gradient to the rivers or the 
glaciers flowing down from th<* hills. The Boulder beds therefore 
do not prove the cxlsten(;e of a large river flowing along the foot of the 
Himalayas. 


X. SUMMARY. 

An attempt >h made in the preceding pages to show that the 
hypothesis advocated by Dr. G. E. Pilgrim and Sir E. H. Pascoe of 
the existence of the Siwalik River (or the Indobrahm) has not enough 
evidence in support. In reveiwing the evidence, the Tertiary 
history of the sub-Hirnalayan zone and the adjacent plains is 
examined. 

In the north-west of India an arm of the Eocene sea extended 
up Sind, Ilajputana and the Punjab to Jammu and thence eastward 
down to Landsowne and Naini Tab This se^ w'as apparently 
connected with the Tethys since the same Eocene fossil assemblage is 
seen also in the Tethyan or Tibetan zone, eastward up to the meridian 
of Calcutta. The easternmost exposure in the sub-Himalayan region 
is near Lansdowne, and it seems to show a shallow'-water facies indicating 
the close proximity of the coast. It is interesting to point out that 
this limit coincides with the prolongation of one of the eastern ridges 
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of the Aravallis, which presumably acted as a barrier against the 
extension of this sea eastward in the sub-Hinialayun area. 

At this period a ridge also extended from Southern Bihar through 
Rajmahal hills to the Shillong plateau which separated the Bay of 
Bengal from the area now occupied by the Ganges-Brahmapuira 
basin. The Bay of Bengal extended into the southern part of tlie. 
Shillong plateau sinc<' Eocene rocks are seen along its southern 
border and also some distance further north. 

The first upheaval of the Himalaya broke up this E<H-.enc sea 
in North-W('.st India into isolated basins in which were deposited 
first the Chharats and later the Miirre(‘s, the wafer gradually losing 
its saline (diaracter, sinee the Murrees an* (‘.ousidered as <l(<positcd 
in brackish w'ater. Probably a ‘ fore-«le(‘p ’ was formed at this time 
ill the sub-Hiinalayuii region east of the Aravallis also, but thore 
is no evidence to that effeei as tin* younger sediments s(K*m to have 
completely covered up the older ones. 

Th(‘ next important tifdieaval in the Middh‘ Miocene times pro¬ 
duced a pronounced ‘ fore-deep ’ bordering the Himalayas to the 
south throughout tluur length. The .same upheaval presumably 
depressed the part of the ridge between the Rajmahal and the Garo 
hills, for we find that two thrust movements affected the Assam 
plateau, one from the north and the other from the east. The.sc 
have produced transvers<^ faults whicfi have sliced the Assam plateau 
into blocks bounded by north-to-south faults. The Rajmahal gap 
appeals to be a blo(!k which has b(‘en faulted down as a result of 
tlics(' movements. There is no evidence of such large tectonic 
movements in this region at a later period which could account for 
the formation of this gap. 

The ‘ fore-deep ’ was of the natiu’c of a series of practically conti¬ 
nuous lagoons into which flowed numerous transverse streams from 
the Peninsula and from tlie newly uplifted Himalayas. The sedi¬ 
ments brought by these streams iuf.o the * fore-deep ’ formed the 
Siwalik strata, and the great thi<‘kness of wliich (over 16,000 feet) 
may be attributeil to the gradual sinking of the basins of deposition. 
The large amount of water brought into this ‘ fore-deep ’ by the 
rivers must have found an outlet in the cast through the Rajmahal 
gap into the Bay of Bengal, and other outlet or outlets in the west 
towards the Arabian Sea. 
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It is difficult to accept the existence of a Siwalik River or the 
Iridoiirahm during this period for the following reasons:— 

1. As Dr. C. S. Fox has pointed out, at the place which is 

suppcised to have been the source of this river there are 
deposits which point to the prevalence of estuarine 
conditions at this period. 

2. It is pointed out that in all probability the Rajmahal gap 

was formed during the second upheaval of the Himalaya 
in the Middle Miocene times, i.e., just before the com¬ 
mencement of the Hiwalik deposition. When this gap came 
into being, a westerly flowing river could not have existed 
in the Siwalik zone of the (‘.astern Himalayan region, 
for such a river could have found a ready outlet into the 
Ray of Bengal through this gap. In the north-west 
Himalaya, the excess wat(*r8 would liavc naturally found 
an exit westward and south-westward, ultimately find¬ 
ing their way into the Arabian Sea. 

3. It is unreasonable to expect the vast thickness of tlie Siwaliks 

to be deposited in the flood plains of a single river, 
however large it might have been. The facts arc more 
in keeping with the supposition that the Siwaliks were 
laid down in a ‘ fore-deep ’. 

4. The occurrence of the closely allied species of dolphins in the 

Ganged and the Indus basins is quite inadequate to 
support the Indobrahm hypothesis. These dolphins are 
appurcudly descended from the marine species which 
lived in the Eocene sea of North-western India. When 
the Himalayan movements took place, they became 
confined to the isolated renmants of the sea but had 
the opportunity of spreading out into the fore-deep of 
the Siwalik times and of adapting themselves to fresh¬ 
water conditions. It is thus that they are found in the 
present day Ganges and the Indus. 

5. The Boulder-conglomerates should have been deposited by 

the combined action of several rivers from the north, 
aided by recent (or partly contemporaneous) uplift and 
special flood conditions. We have very clear proof that 
post-Pliocene uplifts took place in the North-western 
, Himalaya where this zone is particularly well developed. 
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Classification of the Gondwana System based on verte¬ 
brate FAUNAL evidence. By N. K. N. Aiyengar, M.A., 
Assistant Geologist and M. S. Venkataram, B.A., Offg. 
Assistant Geologistt Geological Survey of India, 

Olio of the oft-diacussed auhjocta iti Indian geology is tliii cbaai- j 
ficatioii of tlu! Gondwana systcnii: whether it should he subdivided 

V 

int«> only two, the Jjower and the Upper, or into thn'-e as, Lower, 
Middle and Upper. Much has been said in favour «f and against 
either of these classifications based on the avaih^lile, paltBontological 
and stratigraphical information. TJiougli the two-fold division 
is the oldest, and is supported by th(^ majority of Indian geologists, 
tlui upholders of the tripartite tlivision arc not negligible. The 
history of the classification of tin; Gondwana system lias been 
recently discussed in great detail by Dr. (’. H. Fox (;specially 
from the floral evidence (5, i)p. 75-108, 180). It seems worth¬ 
while to review the whole evidence available at present with 
regard to the age of the various vsubdivisions of the Gondwana 
rocks from the point of view of the vertebrate; remains and sec 
which of the classifications is nearer the truth. 

The early geologists havi; confined tlmir att<;ntion mainly to 
the floral evidence tfor the classification of the; Gondwauas, but 
the faunal evidence has not been so far seriously examined. Though 
the vertebrate fossils discovered in various horizons of the Gond- 
wsna rooks have been studied % palseontologists &om time to 
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time and their opinions regarding the age of the fossils recorded 
in various publications, their views on the age of the rocks in which 
these fossils occur have not been made use of in the classification 
of the Gondwana system. Vertebrate fossils found in the Gond- 
wanas, though often fragmentary and confined to a few horizons, 
are still of much importance as they give us independent evidence 
with regard to the age of the beds in which they occur; and again 
in (^rtain cases serve as a chcHjk on the floral evidence. But it 
is unfortunate that most often the fauna and the flora do not 
occur together. 

The vertebrate fossils in the Gondwana rocks are reptiles, laby* 
rinthodonts and fishes. The chief occurrences of these are in the 
following beds:— 


7. Denwa beds on the northern slopes of the Satpura hills of 
the Central Provinces. 

6. Tiki ’beds of South Rewa in Central India. 

5, Maleri beds of Hyderabad (Deccan) State. 

4. Panohet beds of Bengal. 

3. Maogli beds of Nagpur. 

2. Bijori beds south of Pachmari scarp, Central Provinces. 

1. Oangamopteris beds of Kashmir. 

The respective positions of the above beds in the classification of 
the Gondwana sysfem is given below 


Umia. 

Jabalpur .... 

Kota. 

Aajmahal .... 
Parsora .... 
Maleii, Tiki, Denwa . 
Pachmari .... 
Panohet, Matigli 
Raniganj, Bijori, Kamthi 
Barren measuiea . 

Barakar .. .. 

Karharbari (Lr. Barakar) 
Umaila marine beds . 

Rikba stage 

Gaugamopteria beds of Kashmir 
• Talohir boulder bed . 


Lower Cretaceous 


Upper 
. Middle 
. Lower 
. Upper 
. Upper 
. Middle 
. liower 
. Upper 
. Middle 

o 

. ^Lower 

J 


0 

. ^-Jui-assic 

J 


^Tiiass ic 


Permian 


1 

^‘Talchir . Upper Carboniferous 
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1. Qaogafflopterls beds of Kashmir. 

Near Khunmu in the Vihi district of Kashmir fish and labyiin- 
thodont lemams were discovered associated with plant foasils. l^ese 
beds are known as the Oangamopteris beds of Kashmir and have 
yielded the following fauna:— 

(а) Arch^osaurus omatus (Amphibia) 

(б) Actinodon risinensis (Amphibia) 

(c) AvnblyjOenu kaahmirenais (Pisces) 

(d) Amblyjiterus symmetrica (Pisces) 

Regarding the age of these beds, Dr. Smith Woodward who identi¬ 
fied Afchegosaurus and Amblypterus is of the opinion that the 
genera are typically lower Permian in age (21, p. 10). The 
plants associated with these have been identified as Oangamopteris 
hashmirensis and PsygmophyVum sp. by Prof. Sir A. G. Seward who 
considered the flora to be Permo-Carboniferous in age (lU., p. 8). 
Later, W. E. Swinton who examined another fossil amphibian 
collected from the same horizon identified it as Actinodon tisinensis 
and assigned it to Upper Carboniferous age (22» p. 146). 


2. Bijori stage. 

Many fragments of the fossil remams of a labyiinthodont, 
Oondwanosasma b^oriensiSf consisting of axial skeleton, mandibles, 
skull and teeth were discovered in the Bijori beds of the Pachmari 
scarp, Central Provinces. In discussing the &ge of this fossil, 
Lydekker (18, p. 12) says that the fossil has afiSnities to 
ArchegosattruSf but it is more specialised. The specialisation indi¬ 
cates an approach to the higher labyrinthodonts, Mastodonsaurus 
and Labyrmthdon. Further he says {op. cU., p. 12). 

*' Judging from the foregoing, the age of .the Oondtoanomunu should pro* 
bably be (homotaziahy) pemian; and since the balance of evidence is in favour 
of regarding the Pandiet group, which immediately overlies the Bijori group in 
which CkmdtDonosaurus was found, as of triassic age, the permian age of the 
Bijori group would accbrd well with this referenoe.** 

In discusring the age of the Bijori fossil Dr. 6. de P. Cotter (4. 
p. 29) says that: • 

**Two amphibians are attributed to the Baniguij Stage of the Pamu d a a , 
via., Qcndmmoaamv* and Bmdkyops. The former is allied to Artbaeipm.vru» 
a genus found in the Oangamopteris Beds of Eariunir,” (PaL Ind. New Ber. II, 
Mem. 2, p. 18) “and occurs at Bijori in the Barbada vriley In company with 
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SphtnophyUum and Qangamopt«ri« and other plants which Indicate a Raniganj 
horizon. It is f)bviouHly of Permian and not of Triassic affinities.” 

3. Man^^li beds. 

A labyrintho(l«ilit, Bradiyops laliceps, was discovered near Mangli 
about 10 miles nort-h of Warora and 50 miles south of Nagpur. 
Dr. W. T. Blanford (1, p, i) in his note appended to Prof. 
T. H. Huxley’s remarks on the vertebrate fossils from the Panchets, 
says: 

“ 1 Itave already saf?gcHted (Mem. Cieol. Surv. Ind., Ill, p. 134) the pro* 
babiiiLy of th(' Mangli Ix'ds lx*ing txiuivali’nl in age. <ir nearly so, to the Panchets 
of the Raniganj field.” 

Regarding tlui age of this fo.ssil Lydekker (18, p. 13) thinks that— 

” the lal>yrinthndoiit Untchyttpa ItUirc/tM fioni the Kamtbi (Mangli) group, which 
like the Rijori group tx-longs itiaiiiiy to the Datuuda soric's, is allied to a European 
jiirassie form (RhiniMuvruH), while t he llora of the Datnndas has in many n'SiM^cts 
a (lt>eidedly tnem>'/.oi<; fneies, W'lmt is ulreaily known of the distribution r»f fossil 
Horas in other parts of tin* worki doe.s tiot., however, forbid the view that the 
Duinuilas as a whr»ie may eunes|M>iid to the up|icr pala'ozoies, with a }KiBftibility 
of thc'ir be«ls being lower trinssie.” 

Thus we find that Lydekker was not in a position to fix the age 
of the Mangli beds on tlie faunal evidence available before him, 
but Hlanford considered theun !•<) I>e roughly Paimhet in age. 
According Dr. (1. dc* P. Cotter, BrwhyopH “ is supposed to lie 
elusc'ly allii'd to* tlie geiius Mir.mphoUa wbich eharacterises the Proculophoit zone 
(Ixiwer 'IVias) of tlio Beaufort beds of iSouth Afriea. One might theiefore 
doubtfully plaee the Mangli beds in tlu; Trias. ” ( 4 . p. 20). 

4. Panchet beds. 

A large' number of fossil vertebrates, mostly of labyrinthodonts 
and reptile's, has Ix^en c*olleeteti from some localities in the Panchet 
beds just imrth of Deoli (23° 39' ; 80° 53') near Uaniganj, Bengal. 
The early collections were e'xamined by T. H. Huxley (9, pp. 1-24) 
and Lydekker (U, pp. 1-36). The fossils are generally 
fragmentary, consisting of large number of vertebrae, imperfect 
skulls, ribs, and other parts of the animals. The following genera 
and species were identified by Lydekker in this collection:— 

(а) IHcynodon orientalis (Reptilia) 

(б) Spicampodon {Ankistrodon) indicus (Replalia) 

• (c) Ptychosiagum {Ptyehognathus) orimtaie. (Reptilia) 
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• 

{d) Pachygonia incurvata (Amphibia) 

(e) Q<mioglyptu8 hngirostria (Amphibia) 

(/) Oonioglyptus husdeyi (Amphibia) 
ig) Glyptognalhm fragilis (Amphibia) 

On the evidence of the labyrinthodont remaiuH of Europe, Huxley 
says (9, p. 24): 

“1 do not think it is iiermisaible to affirm that the fjabyrinthodonts aie 
either cbaracteriatically older Mesozoic or newer Falwozoic—nature seeming to 
have spread them, adth great impartiality, throughout the Triossic, Permian 
and Carboniferous itKtks as far down as the horizon of the English Oarbonifer* 
oils limestone.” 

Discussing further about the age of the formation in which 
Labyrinthodonts occur, ho says--- 

” in fact, the l.Abyrin1 hodonts, as a group, as effoetually bridge over the 
gap between tlie Palseozoic and Mesmoic formations, iu4 Teleostian fishes and 
the ('roeodilia bridge over that betwe(m tlie Mesozoic and Cainozoie series: and 
just tis the discovery of skulls of new genera of Percoid fishes, or of Cntoodilia, 
would leave the question of the Mesozoic;, or Cainozoie ago of the lieds in which 
they occurred, open, so in my judgment, docts the occurrence of l.ia.byrinthodont 
crania in the; upper beds of the Raniganj coalfield leave' the question of their 
Mesozoic nr Palseozoic age* undecided. 80 far an ciecumulation of uncertainties 
rnuy go towards forming a conviction, however, I should incline, in view of the 
whole verh’hrate evldencn (to which 1 t'onfine iiiysc'lf), to the opinion that the 
Iniliau fossils am either of Tiiassio age, or lielong to that fauna which wilt uii<; 
day be; discovered to fill up the apparent hreak betw(a‘n the IVIhhizoio and Meso* 
zoie forms of life.” 

Lydekker’s opinion on the age of the Panchet vertebrates is as 
follows (11, p. 2):— 

” Prof. Huxley thought it probable that these roc;k« might he of triassic 
age, hut eonsidered that the cvidercee was not .siiflicicnt tc; make tjiis ]M»int mr- 
lain. Prof. Owen (19.) correlates the Paiiohpt nx^ks with the Kanx) rexhs, 
Africa, and flays that the age of these beds lies betweem the IriasHie and the upjxM- 
earboiiiferoHS periods, but inclines to the opinion Ujat they lieloiig to the foiTner, 
....while Mr. W. T. Blanford (£, p. 82 ) ocMisiders that the Panchet groujt 
should ‘prdbably be regarded as of triassic age. It appears to me that, in the 
absence of a marine molluscan fauna in the Gondwana series (of which Panchet 
rocks form a group), no exact homotaxis can be made between these rocks and 
the rocks of Europe, since there is «io definite standard of comparison. £t is, 
however, probable that the Panchet group is not very far removed from the 
triassic.” 

Thus we find that Lydekker was not even as definite as Huxley 
in deciding iJie age of the Panchet fossils. • 
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Dr. Cotter thinks that— 

“ Ppychoaiagvm orientate in very probably referable to the genus LystroBaunu* 
a genus which oharaotcriseB the basal beds of the South African Trias (Lystro- 
sauruB zone) " and adds 

*'the Panchot Stage has been jdaced in the Tiower Trias and there appears 
to be good teason for this view.’* (4* p. 28 ). 

Recently some fish remains were obtained from the basal beds 
of the lower Panchets, south-east of the village called Eukhrakuri 
(23® 36' 63"; 86® 68' 40") in the Raniganj coalfield by Mr. E. R. 
Gee (0, p. 206). These have been identified by Dr. B. I. White 
as-— 

Amblj/ptenu, fishes which lived in tlie lakes and rivers of the Carbonifer¬ 
ous and Permian times.” 

Further Mr. Gee points out that— 

"their occurrence in the basal Panchets (Maitur stage) gives these beds 
strong Palaeozoic aspect and suggests a Permo-Triassic age for the Panchet 
series.” 

As a confirmatory evidence it may be pointed out that from the 
same horizon was obtained fossil flora—near a village known as 
Alkusa (23® 38' 46"; 86® 51' 30") ™which includes distinct Qlossop- 
teris and Schizonewat oharacteristio of the Lower Gondwanas. 

5. Maieri-Tiki-Denwa. 

Reptilian and labyrinthodont fossils have been discovered in 
three areas: (1) near Tiki (23® 66'; 81® 22') in South Rewa State, 
Central India, (2) around Maleri (19® 14'; 79® 38') in the Hydera¬ 
bad State and (3) Denwa, on the northern slopes of the Pachinari 
hills. Tiki and Maleri beds are considi'red to be of the same age 
on the evidence of their fossil contents, and the Denwa beds are 
correlated with the Maleri beds. Lydekker identified (14, pp. 1-38) 
the following fossils collected from the Maleri and Tiki beds. 

Reptilia: Hyperodapedon huxhyi 
Belodon sp. 

Parasw^us hialopi 
Dinomma 

Amphibia; Pachygonia inoufvata * 

Dr. T. Oldham (17, pp. 300-307) identified the fossil fishes C 4 >I- 
lected from Maleri as— 

t Cerotodus vtropa 
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Ceratodua Hunterianus 
Ceratodm Hiaiopianus 
Ceratodua (Monpus 

Lydekker ( 14 , p. 3) in discttssing the age of the Maleri-Tiki>Denwa 
beds expressfvd his doubt as regards the desirability of oomparing 
tlic Gondwana fauna with distant faunas of Europe. However, he 
placed the Tiki-Maleri-Denwa fossils in the upper Trias (Rhsatio 
and Keiipcr). Blanford in dealing with the age of the reptilian 
remains (8» p. 19) of Tiki and Malori, stated that the genera 
Hyperodapedon and Paraauchua are Triassio as both genera occur 
in European Trias. 

Further collections were recently made from the Maleri and 
Tiki beds and the following fossils have been identified by Prof. 7. 
von Huene ( 7 , p. 39) as follows:— 

Labyrinthodont: M^opoaaur 
Reptilia: Pa/radapedon huxleyi 

Pa/radapedon (?) indicua 
Phytosauiia ; BrcuAyauchua (?) nuderiensis 

Saurisuchia: Vertebrae 

The entire fossil collection as usual, is fragmentary. Prof, von 
Huene says that: 

“ The Labyrinthodonts all belong to the Family Metaposauridae, which is oba* 
rooteiistic of the lower i>art of the Upper Ti’ias. Apparently the Indian forms are 

particularly related to the North American genera Anaachisma and BueUeneria . 

The nearest recognisable relations to the Indian Pbytosaurs are found in 
the lower level of the North American Upper Trias (Dockum Isids of Texas and 

Ghinle beds of Arizona and New Mexico) (31). 

In considering the described fauna as a whole, it is seen that Rhynoho. 
saurids, Phytosaurs, and Metaposaurids are predominant and are groups which 
evidently are t 3 rpical (32) of the lower part of the Upper Trias, that is to say the 
Lower Keuper of the northern hemisphere. In the Trias Saurischians are 
confined to the Upper Trias. The occurrence of the Phytosaurs and 
Rhynchosaurids is against tumigning the bods to the upper part of the Upper 
Trias (Upper Keuper) (7, pp. 39*40). 

As legards Ceratoduaf according to MiaU ( 15 , p« 16) and 
Blanford (8, p. 19) it is chiefly characteristic of Triassio and 
Eh»tic beds of Europe. . 

A fossil amphibian collected from the Denwa beds has been 
identified as Masiodonaaurua indicua by Lydekker ( 14 , p. 3) and 
his opinion regarding the age of these beds has already been men* 
tioned. Dt. Cotter is also of the opinion that Maatodonaaurut 
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indious in the Denwa beds indicates a Rhselic—Kenper age to 
these beds (4t p> 26). 

6. Kota beds. 

These beds which are younger than Tiki-Maleri-Denwa beds are 
well developed around Kota near Sironcha in Central Provinces. 
The following fossils have been identified from these beds (10, 

p. 126):— 

Pisces ; Lepidotua deccemensis 
L. lonyiceps 
L. brevicepa 
L, pachylepia 
L. oalcaratus 
Tetragonolepis oldhami 
T. ancUia 
T. rugosua 
Dapedeua egertoni 

As all these genera arc found in the Liassic of Europe, the Koiu 
beds can be assigned to Lias. 

The Umia (marine) beds have yielded Plesiosaurus remains, t.e., 
Plesiosaurus iniUcfus, which is said to range in time in Europe 
from “ Lias U* Chalk inclusive ” ( 11 , p. 28) but this genus is not 
of any help in deciding the age of the Umia beds as their age can 
be more accurately determined by their marine fossil contents. 

Conclusion. 

We have so far studied the views of various palseouUdogists 
«ui the age of the fossils examined by thcni. Now wo may siini- 
niarise these facts in relation to the classification of the Gondwaiia 
system. 

QangamopteriS beds Oi Kashmir. — Amhlypterue and Archegoaaurus 
from these beds are considered by Woodward to be of lower Per¬ 
mian age while Actinodon from the same horizon is assigned to 
upper Carboniferous by Swinton. In Europe we find that these 
three fossils are confined to lower Permian {see chart on p. 11). 
Hence it seems reasonable to fix the age of the Gangamopteris 
beds of Kashmir on the faunal evidence to range from Upper 
(Jarbouiferoua tii Lower Permian. Prof. Seward’s opinion based on 
fidral evidence confirms this view. 
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Bijori l^edB*--G<MdvKmosmiPus is consideied to be closely allied 
to Archegomifus which is found in the Ckmgamopteria beds of 
Kashmir; but it is more specialised. Thou^ it is generally 
unsafe to fix the age of any bed on the strength of a single new 
genus, here it seems reasonable to assign the Bijori fossil to Lower 
to Middle Pennian on the above evidence. Lydekker and Cotter 
are also of the opinion that the Bijori fossil indicates a Permian 

The Mangli fossil Btaekyops haicepSt according to Lydekker, 
points relationship to a Jurassic form Rkinoaaurut, while accord* 
ing to Dr. Cotter this animal has great affinity to MiorophaUs 
which is characteristio of the Lower Trias of South Africa. Dr. 
Cotter’s view seems to be nearer the truth. 

Fanehet beds. —^Huxley points out (9* p> 24) that at first sight 
it is difficult to assign the labyrinthodonts of the Panchets either 
to the Pal 8 eo 2 soic or Mesozoic as they range from Carboniferous 
to Permian with Triassio affinity. Prof. Owen correlates the 
Panchets with the Karoo beds of Africa and considers these beds 
to range from Upper Carboniferous to Trias, whereas Lydekker 
feels that it is mwafe to correlate beds of distant places on their 
fossil evidence but stUl thinks that the Panchets are not far from 
Triassic in age. Dr. £. 1. White thinks that the AmbVypterm in 
the Panchets is Carboniferous—Permian. 

We have seen that all the earlier pakeontologists have indi’ 
cated a more or less Triassic age for the Panchet fpssils but when 
the collection is compared with similar fauna ^ in other parts of 
the world, we find conflicting evidence. For instance, XHoynodon 
of the Panchet age is confined to the Penman of Europe whereas 
it is found in the Beaufort beds (Lower Triassic) of South Afirioa 
and also in the Trias of North America. AmtHypterus, which 
occurs in the Maitur stage of the Panchets and also in* the Qcmga- 
moj^efis beds (Permo*Oarboniferous) of Kashmir, is confined to the 
Lower Permian of Europe. Epkampodont a doubtful dinosaur has 
also Triassic affinity. When we consider the actual position of 
the Panchet Beptalian Bone bed we notice that it occupies a middle 
horizon. It is above the Maitur stage where AmtHypterus and 
QloBsopterU flom were discovemd. If the Maitur beds represent 
about Upper Permian, the Bone bed and the unfossUiferous beds 
above may represent the Lower Trias. Hence the Panchets can 
be said to range £eom Upper Penman to Lower Trias. This 
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explanation agrees witk the views expressed by many palaeontolo¬ 
gists that the Panchet fossils have Triassic affinities, especially 
with those of South Africa and it is reasonable because evolution 
of life cannot be sudden, but is a gradual process. Generally 
fossils in the lower beds either persist into the higher beds or the 
fauna or flora of the younger beds show some affinity at least to 
those of the lower when there is continuity of life. 

Considering the fossils found in the next younger beds, Maleri- 
Tiki-Denwa, we find that with the exception of Pachygonia incur- 
vata no other Panchet fossil persists into these beds. They are 
distinctly of Upper Triassic age and many of the genera are found 
in the Triassic beds of other parts of the world. The appearance 
of Massoa'pondylus, a definite dinosaur in the TUd beds is the pre¬ 
cursor of the Cretaceous dinosaurs of the Lametas. 

In Peninsular India the geological conditions were not the same 
as in Europe at least in the Gondwana period. There may be 
strong reasons to divide the geological time in Europe into Palaeozoic, 
Mesozoic and Cainozoic, but even this major division is not easily 
disoemible in the Indian Peninsula. There appears to have been 
continuity of life and deposition in India from the Palaeozoic to 
the Mesozoic in the Gondwana period. The climatic condition 
of the Gondwana period seems to have been fairly uniform, but 
with a definite tendency to progressive desiccation after the glacia¬ 
tion up to the disappearance of the Qlossopteria flora, when luxuriant 
vegetation flourished due to moist and warm conditions, ^.e., from 
the Talchirs (Carboniferous) to Lower Panchets (Upper Permian). 
Then began drier conditions when the Olosaopteria flora died out; 
but the next wet conditions (of lesser degree) did not commence 
unril the Rajmahal times. This interval is the period from Lower 
to Upper Trias. Some geologists are of the opinion that there 
might have been a break in the deposition about the Middle Trias 
when land conditions were maximum with least deposition. 

Taking all facts into consideration, it seems most reasonable 
to include all the strata containing fauna and flora with distinct 
Palaeozoic characters, although including some with Mesozoic affinities, 
into a lower subdivision, and the others containing fossils with dis¬ 
tinct Mesozoic characters into an upper subdivision. Such a sub¬ 
division can be easily made by including adl the beds containing 
the Oloaaopteris flora and the Pcmchets with strong Palaeozoic charac¬ 
ters in Lower Gondwana while the Maleri to Umia, beds with un- 
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mistakable Mesozoic faima and floza can be grouped as Upper 
Qondwana. 


Cofnparatwe liai of fossils based partly on Lydekkerts table. 
(PoZ. Ind., Ser. IV, Vol. I, Pt. 6, p. 2, 1886.) 
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I. INTRODUCTION. 

Tile occurrence of mangaiiefle-ure in Barnra, one of the States 
under the Political Agency of the Orissa Feudatory States, was 
brought to light by Mr. Girija* Shankar Deb, fonnerly Forest Officer 
of Bamra, who evinced considerable interest in minerals. Mr. Deb 
came across some lumps of manganese-ore in the liill near Pukhura 
(21® 35' 30* : 84® 17') in the south-west corner of Bamra. A 
specimen which was analysed by the Government Test Hofose* at 
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Calcutta showed about 64 per cent, manganese. In the field- 
season 1937-38, this was brought to the notice of Dr. M. S. Krishnan, 
who was able to map the area containing the manganese-ores and 
conduct a preliminary examination of them in the same season. The 
microscopical investigation of the ores was carried out by Dr. P. K. 
Ghosh, and the sections VII and VIII-A, embodying the results of 
the examination, have been contributed by him. 

The first author wishes to express his thanks to the State autho¬ 
rities of Bamra for the excellent facilities given him during the 

course of the field-work in their jurisdiction. 
Acknowledgment. suggestion they also put down pits in 

different parts of the manganese-ore deposits and had three samples 
of the ore analysed (by the Government Test House, Calcutta) 
which are used here with their kind permission. 

Our thanks are also due to our colleague, Dr. T. A. Dunn for 
much help received during the examination of the ore-minerals 
under the reflecting microscope. 


II. PREVIOUS WORK IN BAMRA. 

No geological work has been done in Bamra prior to 1926. In 
that year Mr. H. C. Jones, assisted by Dr. M. S. Krishnan, con¬ 
ducted a rapid reconnaissance of the whole State (area roughly 2,000 
square miles) during the course of about three months, and gained a 
general idea of *the geology, which is summarised in the General 
Report of the Geological Survey of India for that year {Records 
Geol. Surv. Ind., LIX, p. 64, 1926). Thougli Mr. Jones had noted 
the occurrence of much limonite and lateritised rock in the neigh¬ 
bourhood of Jamunkira (21° 32' 30" : 84° 24'), the presence of 
inauganifcrous ores in them was not recorded. 


111. GENERAL GEOLOGY. 

Country Rocks. 

During the course of mapping on standard sheet 73 C/6 (scale 
l"s=sl mile), in which the occurrence of manganese-ore was reported 
« , by Mr. Deb, Dr.* Krishnan foimd certain lateri- 

nsed zones in which the ore mvanably occurred. 
The coimtry rock in the south-western part of the sheet is a gneissic 
granite which extends northwards as far as Kuchinda (21° 46' : 
21 '), westwards into Sanibalpur, and eastwards into Bonai 
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State. This granitic rock is very probably part of the same batho- 
Hthic mass which occurs in Bonai.^ It is generally distinctly 
banded and gneissic in the area surveyed, the banding being due to 
its composite nature. It includes streaks and lenses, often partly 
assimilated, of mica-schists. The included lenses of schists have 
often developed garnet, and in rare cases sillimanite, as a result of 
metamorphism. In some places, e.g., near Nagarabahal (21'^ 42' : 
84® 19') the rock is massive and granitt>id but is never entirely free 
from a slight streakiness. 

The rock generally consists of quartz, orthoclase, microcline and 
acid plagioclase, the last being rather subordinate. The felspars 

often show micro-perthitic structures, while 
!e«*^”***^*****^ charsc- mynnekitic patches are also occasionally seen. 

Biotite and some hornblende are common, and 
these are fairly abundant in the markedly gneissic varieties. The 
accessory minerals are iron-ore, sphene and apatite. Muscovite is 
distinctly subordinate to biotite and hornblende. Tourmaline is 
rare and generally absent, thus contrasting strongly with the granite 
of southern Ranchi and Gangpur® in which this mineral is abundant. 
Pegmatitic modifications are seen though not abundant and this 


may indicate that erosion of the upper jiart of the mass has proce,edcd 
to a greater depth here than in the granite of Southern Ranchi. 

The general direction of the foliation of the schists as also of 


the banding of the granite is approximately W. 30® N.—15. 30® S., 

subject to slight variations. 'This direction of 
StrilCC of follsiiott* , I i»1i • / "•x TWf XIT O Tj' \ 

the fold-axis (which vanes to N.W.-S.K.) pre- 


vails in southern Bonai, Pal Lahara and the Mahanadi valley. The 


dip of foliation is high either to the north-east or to the south-west 
and may frequently be vertical. 

In the area with which this paper is concerned (sheet 73 C/6) 
the north-eastern portion shows ridges of quartzite and quartz- 


Basic rocks. 


schist which, together with the mica schists 
(now occurring as lenses in the granitic gneiss), 


are pre-granite in age. There are also several, more or less ]>aral]el, 
‘ sills ’ of basic igneous rock, particularly in the south-western 
portion. These si^ run mainly parallel to the direction of regional 
foliation, though occasionally ’they are transgressive and become 


^ H. C. Jonea: The Iron oree of Bihar and Oriesa. Mem, Oeol, Sitrv. Ind., LXIll, 
Pt. 2, p. 216, (1934). 

*M. S. KriBhnan; The Geology of Ganppur State. Mem. Oeol. Surv, Jnd., 71, 
pp. 110-117, (1937). • 
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HykeH, Thev are mainly doleritic in nature and consist of plagio- 
dase (andftsine to lahraflorite) and ophitic augite which usually 
shows some, uralitisation and saussuritisation. Ilmenite and sphene 
arc the rornrnon aeceasories. Whori coarse, they may be called 
rlioritc-jrahbro or f^ahbn). A few of the sills are of the nature of 
pyroxene-jn'anulitc, consistiu}; of pyroxene, plagiocdase, some quartz 
and occasionally garnet. In one occurrence the pyroxene was found 
to he hypersthenic. Hornhlende-pyroxenite or homblende-biotite- 
jjabbro have also been met with. 

The basic sills in the south-western part of sheet 73 C/6 all seem 
to be later than the granite and may possibly be of the same age 
as the Newer Bolerite of Keonjhar and South Singhbhum. It* 
may however be noted that they are different in composition, since 
quartz dolerites with granophyric structures are uncommon among 
those examined in Bamra. 

IV. LATERITISED ZONES. 

A few intensely lateritised zones arc seen amidst the country 
described above. They arc disposed parallel to the schistosity of 
the country rock and form long hillocks with rounded outline which 
can often be clearly distinguished from a distance. There is a 
tendency for portions of the zones to run en echelon^ keeping to the 
general trend. They are enumerated below 

1 . From Nakatipali (2r 37' : 84° 15') to Tikiba (21° 33' 30" : 
84° 20') with a slight break at Phasiraal (21° 36' : 84° 17'). This 
zone is continued in the hill three-quarters of a mile south of Kuagola 
(21° 33' : 84° 22'). 

2. A small ridge through Badibahal (21° 33' 30' : 84° 19'). 

3. Hillock at Kuagola and the long hillock half a mile south¬ 
west of Jamunkira (21° 32' 30' : 84° 24'): slightly out of align¬ 
ment with this is a thin zone at Darhia (21° 32' : 84° 25'). 

4. From Mukteshwar (21° 33' 30' : 84° 22') to mile 22 on the 
Deogarh-Jamunkira road. 

5. .\ low ridge half a mile east of Tiklipara (21° 31' 30' : 84° 27'); 
this however runs in a N.N.W.-S.S.E. direction askew to the general 
direction of foliation. 

6 . From Kumbhiaebuau (21° 36' ; 84° 20') to north of Sarai 
(21° 35' ; 84° 22'). 

In addition to these, there are a few smaller patches of the same 
nature located at: -three-quarters of a mile south-west of Quljipali 
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(2l« 38' 30' ; 84 18' 30"); Jarnumal (21 ’ 37' ; 84' 21' 30"); 

one mile nortli-virest of .lamumal; a (juarter of a mile east of Nuadihi 
(21’ 38' ; 84'’ 24'); and one mile W.N.W. of Nuadibi. 


BfliildcrK. 


Distribution of ore. 

soil of these zones is dark brown to reddish brown aiitl con 
tains interspersed lumps of limonilo and mangani'se-ore. Large 

boulders, some apparently in aiiu, are also 
exjiosed in these zones. Some of the boulders 
are of siliintied breeeia, while others are of angular fragments of 
ferruginous «|uartzii.e. or siliceous limonite cemonttsd by abundant 
anastoiriosiiig veins of clialcedonic or opaline silica. Others consist 
mainly of limonite traversed by veins of manganese-ore (psilumelane). 
Occasionally also we rind a schistose lati'ritised rock in which grains 
of quartz are found <‘emeuted by limonitic material, 'rhuugh the 
original minerals of such rocks have been comfdetely alti^red and 
replaci'd. their scaly structure suggests biotiti' or chIorif.e. These 
lateriti.sed boulders are found particularly along tlie top of the ridges. 
'Fheii' surface is often found rihbed with veins stamling out promi- 
ueutly which, on closer exaraiuation, jirovc to be rnanganeae-ore. 
When broken, the veins .show a banded structure. The boulders 
may also contain cavities lined with psilomelane, botryoidal limonite 
and soft pyrolusiie. • 

'fhe lumps interspersed in the soil arc of tiporadic distribution. 
Surface observations and data from a few pits point to the conclusion 

that/ they are more abundant at the ends, on 
.uinps« ore. flanks, and near the foot of the hillocks 

than on the top. 'fhe ends on the hillocks are perhaps richer in 
them than other places. 

When coming across tliese lumps lying on the surface, it is not 
at first easy to say whether they are of limonite or of manganese- 

ore, unless they are broken by a hammer. 
After some experience, however, a distinction 
can be made in most cases without difficulty, since the manganese- 
ore lumps are more rounded and tend to show rounded botryoidal 
prominences. Moreover the highly manganiferous nodules are black 
while the limonitic ones are distinctly brown. Nevertheless there 

are gradations between the two, many of the lumps being 
manganiferous limonite. • 


Botryoidal lumps. 
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On breaking the manganese-ore nodules we see that they are 
composed mainly of rather soft pyrolusite, sometimes with thin 
veins of bright psilorrielane. Botryoidal nodules are found especially 
in the Mukteshwar-Jamunkira band and in the road section east of 
Tiklipara. When broken open, they show concentric structures 
and are composed of limonite, pyrolusite and occasionally grains 
of quartz in the centre. 

V. DESCRIPTION OF THE OCCURRENCES. 

Naktipali-Phasimal .—In the Naktipali-Phasimal band, only 
lumps of limonite are seen near the former village. Where this 
goes through the northern border of the Binjipali Reserved Forest, 
there is equally no enrichment in manganese. Further east, about 
one mile due west of Phasimal, the zone is heavily limonitised, and 
a few lumps of manganese-ore were found, especially on the southern 
flank. Near the Baiinscn nala also manganese-<ire is present, but 
sparsely distri b uted. 

Pukhura .—At the western end of the Pukhurta village several 
pieces of manganese-ore were picked up. Two pits were put 
down here close to the dera-ghar (rest house) at a distance of 150 ft. 
from each other (pits Nos. 7 and 8). Each of these was taken 
down to a depth of 10 ft. Pit 7 gave only a few lumps which 
showed nests of pyrolusite in a highly lateritised material. Pit 8 
gave somewhat, better results but even when the material was 
broken and sorted, the manganese-ore was visibly of low grade and 
amounted on the whole to only about 2 maunds' (160 lbs.). 

Pits Nos. 5 and 6 were located south-east of Pukhura, No. 0 
being at the foot of the hill and No. 5 a little up the low flank, just 
inside the forest. Both thc.se gave much limonitic material together 
with some manganiferoiis limonite. 

Pukhura-hhairdihi-KriinoUn.—The hill between Pukhura and 
Kriinaloi (21^ 35^: 84*’ 18' .30'') shows large masses and boulders of 
limonite along the top, much of it having the appearance of being 
in situ. Crusts and veinlets of psilomelane are found on these 
niasses. The flanks and the ends of the hill show fragments of 

highly lateritised schistose rock and liynps of limonite and manganese- 
ore. 

The lumps, when broken, show a rather porous or cellular mass 
consisting of dark brown patches of limonite and black patches of 

* One inaua(lss82$- lbs. avoir. 
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manganese-ore. Nests of dusty pyrolusite, grains of quartz and 
occasionally even tiny patches of kaolin are found in the lumps. 
The more manganiferous lumps are made up mainly of pyrolusite, 
but part may be psilomelane, especially in the form of veins tra¬ 
versing the pyrolusite and manganiferous limonite. Sometimes con¬ 
centric and mammillary layers of psilomelane are found superposed 
on one another, the surface of the layers and any cavities among 
them being coated with soft pyrolusite. A few lumps were also 
found which consisted of radiating fibrous limonite, the fibres being 
perpendicular to the curvature of the concentric layers. 

Pit No. 4 at the eastern brow of the hill just south of Khairdihi 
(3 furlongs north-west of Krimaloi) yielded only a few large lumps 
of limonite with thin veins of manganese-ore. It is apparently too 
close to the massive boulders of the top of the hill. 

Pits 1, 2 and 3 on the eastern fiank (or end) of the hill, a little 
to the S.S.W. of Krimaloi gave the most promising results of all the 
bands in the area mapped. Of these, pit No. 1 was only a few 
feet above the level of the pass connecting Krimaloi with Bandhbhag 
village which lies to its south. Pits Nos. 2 and 3 were located up 
the same flank at distances of 100 ft. from each other. Of these, 
No. 3 was entirely soil to a depth of 7 feet with only a few lumps 
appearing in the lower portion. Pit No, 2 was entirely in soil for 
the top 4 feet, lumps of ore appearing below this depth. The lower 
portion, of mixed soil and lumps, gave about 2 maunds of lumps per 
cubic yard of material excavated. About a half to one-third of 
tJie lumps was inanganese-ore of fair quality. • Pit No. 1 was deep¬ 
ened to 17 feet, the whole of which, excej-t, one foot of the top, 
gave lumps of ore. The material near the bottom was quite damp 
and the lumps comparatively soft. The total amoimt of lumps 
of limonite and manganese-ore recovered from this pit was about 
40 niaunds, which was broken up 'and hand-picked, eliminating 
limonite and very low grade ore. The amount thus concentrated 
was about 26 to 27 maunds (say about 1 ton) of fair quality. This 
‘ concentrate * represented about 1 to per cent, by volume of the 
material excavated and a little over 1 maund (about 90 lbs.) of ore 
per cubic yard of earth. 

Kfimaloi-Tikiba-Jamunkira.^Betw^n Tikiba and Krimaloi 
lumps of ore were seen on the southern flank of the hill north and 
north-west of Rankibahal (21® 34' : 84® 19') and north and north¬ 
east of Badibahal (21® 33' 30* : 84® 19' 30"). The band pawing 
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through Baclibahal seems to be very poor since only a few pieces 
from hf‘re showerl any «)ro The occiirremjes around Kiiagola {2V 
.’12' ‘iO" : HI" 22') are not at all promising. The thin zone sf)uth 
of .ramiinkira yiehhul a few [ixtnps of inauganese-ore, about b feet 
below tin* siirfare. A shallow s<‘<‘tiori of this was visible as 
e.xeavations had been mad»‘ at its eastern end for the purpo.ses of 
tjbtaining ‘ tnooniin ’ for roafi'inaking. 'I’he. top 1 Id 5 feet, i.s re'l 
soil ill wliie.li oc.eiir very highly ah.e,r<Ml and lateritised gneissi<; roe.k 
especially in the centre of the knoll. 'I'he ore lump.s were lound 
in the excavation on the southern flank. 'Phe. distribution of 
manganese-ore in this locality as well as in the patch near Darhia 
is far too sparse to he of any econoini** importance. 

Mukteshwar-Jamunkim. In this /.one, which extends from 
Miikteshwar to mile 22 on the Deogarh-.Tainimkira road, lumps of 
manganese i>re are fouinl in several places, except near the western 
erul. Large blocks of limonil<* wilh encrustations ami veins of 
ma.tigam*se-orc an* found alongsid« the .l:imunklra-Hliojpur roatl 
ami also further east. 'Phe lumps are partic'ularlv ahiimlant in 
the hillock just north of .lamunkira and also on the southern flank 
ami eastern end of the hill further east {/.r., hill marked 1225), 

Tikii'para. At 20 miles U furlongs on the Deogarh-Janiunkira 
roati, a low ridge cro.sses the road in a N.N.VV.-S.S.E. direction. 
In this cutting (southern side of the road) a large, numher of lnmi>s 
of botryoidal muiiganese-ore were collected. 'Phis ridge I'ontinues 
S.S.K.-wards for over I wo miles ami slnovs lumps of ore in several 
places. 

Four pits were put down along the eastern flank of this zone 
each to a depth of 8 feet every 50 yanls from the road cutting 
southwards. The first pit (50 yards soutli of the roa<l-cuttiiig) 
yitdded less than half a mmnd of lumps per (mine yard. Pits 2 and 
4 yielded little or no good manganese-ore. Pit 8 gave the best 
yield of the four, amounting roughly to § maund of lumps per cubic 
yard of material excavated. 

Sarai and Nuadihi. —Manganese-ore was found only at two 
localities amongst the^ other occurrences mentioned. These are the 
pass between Sarai and Kiajharan, ahd the hillock just north-east 
of Nuadihi. In the other bands there is either no segregation of 
manganese-ore or it is so poor in quality that further attention is not 
worth while. 



l*R 0 i!'. Vap. 6.] Krishnan k Uhosu : Mawfuimc-orc in Bamm. 9 

VI. COMPOSITION OF THE ORE. 

A few speciraena were selected, from umoiigat the large iminber 
r-ollected in the field, for analysis in the laboratory of the (roologioai 
Survey of India. The ore reeovereci from tJic following pits— 
Khairdilii I and 2, and Tiklipara H • was broken and hand picked to 
improve the grade, as mentioned already, and a sample was taken 
from each and sent by the State for analysis by the (Tovermnent 
'fest House at Alipore, <'alentta. The analyses arc shown in tlie 
following table : — 


Tablk J. Analyses of Marnfai^’se-ores from Hamnu 
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Ah in usual with lateritic ores, the analyses given above show a 
great variation in the abundnace of manganese and iron oxides as 
well as other constituents. The manganese content ranges between 
13 and 37 per cent., and the iron content between 15 and 49 per 
cent. The PgOj ranges from 0-03 to 0*62 per cent., the average 
value for the 11 analyses being 0*23 per cent. Only partial analyses 
were dune in the Geological Survey laboratory so that all the usual 
constituents are not shown, but a general idea of the content of 
AI 2 O 3 , CaO, MgO and water can be gained from the last three analyses 
in Table 1 . 

.For purposes of comparison we append below some analyses 
taken from Sir Lewis L. Fermor’s memoir on the “ Manganese-ore 
Deposits of India {Mem. Geol. Surv. Ind., Vol. XXXVII, pp. 389 
and 510-513, 1909). These are mainly of ores of similar lateritic 
origin from various parts of India. 


Table 2. —Analyses of ferruginom mangaiwse-ores {mainly lateritic) 

from various parts of India. 
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An interesting feature of tlie analyses in Table I is the BaO 
content shown. One specimen, a botryoidal lump from the road- 

cutting near Tiklipara shows as ninch as (>*61 
ConatltuentB ; ^ another from the hill cast of 

Jamunkira shows 4*38 per cent, of this 
constitutent. In the Government Test House analyses this con¬ 
stituent has been calculated into barium sulphate and reported as 
such. Fermor mentions {Meni. Geol. Surv. Ind., XXXVII, p. 622) 
that BaO was found in most of the 78 analyses carried out by 
J. and H. S. Pattinson, on Indian ores from various localities. 

The largest amounts were found in pyrolusite-psilomelano and 
hollandite ores: -13*76 per cent, in psiloinelane witli pyrolusit^ 
from BisrAmpur, 16*08 per cent, in [jsilonielane from Tekrasai, 
both these localitit‘8 being in Singhbhuin ; 17*59 per cent, in a speci¬ 
men of hollandite from Kajlidongri. The average for the 78 analyses 
was 1*88 per cent, while that for 22 analysers of ores from the Vizaga- 
patam district was 2*03 per cent, the range being fmin 0*0.3 to 9*63 
per cent. It is presumed that the baryta is present in the ores as 
barium-manganate (Bag Mn O,,) or some similar conjpound. This 
constituent seems to be particularly abundant in pyrolusite, polianite, 
psilomelane and hollandite, though most manganese-ores couti.in a 
small quantity. 

CaO and MgO are present in appreciable (juantities as shown in 
analyses 9 to 11. The zinc-manganese mineral chalcophanite has 

been identified under the reflecting microscope 
in some of the ores from • Bamra (.fee p. 16). 
The ])resence of zinc has also been cnnitrm(*.«l l)y me-ans of micro¬ 
chemical tests on the ore. Though no attempt has been made to 
determine ZnO (juantitatively in the specimens analysed, inanganesc- 
ores are known to contain this in measurable cpiant ities, for Forrnor 
has recorded (loc. cit.^ p. 527) that 15 out of 25 ores analysed 
showed this constituent, the maximum being 0*55 per cent, and 
the average being 0*102 per cent. 


Zinc oxide. 


VII. MICROSCOPIC EXAMINATION. 

A microscopic examination of the ores in thin as well as in 
polished sections reveals the presence of several minerals, some of 
which undoubtedly represent the original constituents of the country- 
rock, while the remainder are of secondary origin. 

The following minerals have been detected: (1) Quartz, (2) 
Chalcedony, (3) Biotite, (4) Tourmaline, (5) Magnetite, (6) Htemafete, 
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(7) Limonitc, pseudoraorphous after htematite, (8) Liinonite, amor- 
f»liouH, (U) Gotbite, (10) Poliauite, (li) Pyrolusite, (12) Psilomelane, 
(13) INilornelane component No. 3, (14) Ohalcophanite. 

Primary (rock forming) minerals. 

Q(uirl,z in its textural relationship to the manganese minerals is 
I test seen in thin section. It is often shattered and shows iindula- 
tury extinction. Later irianganii'erous solutions permeate and to a 
considerable extent replace quartz along cracks {iride PI. 1, fig. 1, 
thin section, No. 26,638). 

Chalcedony, introduced mainly during the lateritisatioii of the 
c.ountry-rock, has replaced quartz, partly or completely. It shows 
a colloform structure and is associated in parallel bands with goethite, 
sometimes alternating with it. It is perceived even in hand speci¬ 
mens and is characterised by a redilish brown colour due t<» the 
presence of gcutbite. 

There is also some evidence of the c-ustciice of pre-latcritic chal 
icdony. Like quartz, this shows signs of replacement by iiiiiiigani- 
lerous solutions. Patches of chalcedony (pre-manganese idialcedony) 
occur in varying sizes and show varying degrees of corrosion by 
manganese minerals. Quartz and chalcedony are by far the must, 
firevalent of the original minerals of the country-rock. 

Biotile. -Only a single flake of corroded and partly bleached 
biotite has so far been met with in thin sections of the ores. There 
are, iu addition,* some wisps of limonite or geethite associal ed with 
interfoliar chalcedony, which together simulate biotite crystal out¬ 
lines ; it is possible they represent the biotite of the original country- 
lock. Compared with quartz, these doubtful biotite pscudomorphs 
are iusignifleaut in amount. 

Tounnvdim. -A few grains of a greenish yellow, idiomorphic but 
shattered tourmaline, veined by manganese-ore, are noticed. Un¬ 
like quartz, these do not show any sign of corrosion. The origin of 
the mineral is probably connected with granitic intrusion into the 
mother-rock. 

Primary ore minerals. 

The ore minerals which have beeq detected in polished sections 
are the following:— 

Magnetite is observed under the microscope as isotropic grains 
of a grey colour with a slightly reddish tinge; sometimes a bluish 
ting 9 , iudioative of a higher state of oxidation of the mineral is also 
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observed. Magnetite i.s invariably accompanied by beematite which 
is generally found along the octahedral cleavage planes (PI. I, fig. 2 , 
Polished section No. 404). All stages (»f conversion of magnetite 
into haematite can be tletccted. 

Hoimatite is recognised under the microscope, by its character¬ 
istically high refl(*ctive power, white colour ami anisotropiam and red 
internal reflexion. Polysyutlu‘tic twinning is often present. It 
may occur by itself in the midst of amoTphuu.i limonite, goathito 
and psilomelane and also in polianite and pyrolusito and may show 
invasion and replacement by theni. It is found in all stages of 
corrosion both by inanganiferous and limonitic solutions, so that 
the size of th<‘ individual grains is variable. It may be found in 
fairly well-developed crystalline aggregates, as well as in irregular, 
rod-shaped, crescentic and partly rounded forms of varying sizes 
in the replacing media. Its relationship to other minerals is well 
brought out by etching, particularly in the mm of a manganiferous 
(i.e.., pyrolnsite-psilomelane) environm<‘.nt which turns black on treat¬ 
ment wdth HgSOi-fHjOg, leaving the hfiematitc nnaflfected (PI. 1, 
fig. 3). In sTiitable sections it appears in parallel rows of grains 
anil laths indicating thi*. (?) bedding planes or planes of schistosity 
of the country-rock. 

Frequently, it is found replacing magnetite along cleavage planes. 
Sometimes the marginal portions of the magnetite crystals are con- 
v(?rted entirely into hffiraatite, the central core remaining almost 
unaffected, while the intermediate portion is a zone of replacement 
in varying degrees. Such phenomena of martitisation of magnetite 
are well-know'n. 

The minerals de.scribed so far may be called the original mineral- 
constituents of the mother-rock. Judging by these minerals, the 
replaced rocks seem to be magnctite-hsfmatite-quartzites and biotite- 
quartz schists. 

Secondary ore minerals. 

The metasomatic minerals formed during the lateritisatiou of 
the country-rock are the following :- 

Limonitct p^mdomorp/ivus after Jwnuitiie. 

ro/fwr.—' Dark grey. almuHt like hmuuite. 

Heflectivity .—Decidedly lower than that «>f litematite. 

Crossed atcola.- -Feeble anisoiropism which is somctinieH maaked hy 
its red internal reflection; MometimeH u closely spall'd 

triangular pattern is observed, • 
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Tliti Hmoriito has exactly the same external form as that of 
h«)uiatit4* (h'Kcribed above, and occurs in the midst of amorphous 
lirnonite and gcjethite as well as psilomelane, polianite and pyrolusite, 
bejri« also replaced by them. Under high magnification (oil-immer¬ 
sion), remnants of magnetite are found in the mineral, having the 
same ndationship as in haematite. At first sight the limonite 
app»;ars like haematiti; with unreplaced magnetite-remnants in it, 
but its reflectivity, especially under oil-immersion, is decidedly 
Ifiss. The triangular pattern observed under crossed nicols is 
reminiscent of the structure of magnetite-haematite intergrowths 
where haematite has largely replaced magnetite along its octahedral 
c]e,avag(; planes. 

It would appear that hcematito which originally replaced mague- 
tit(^ has itself beim ps<Midomorphed by limonikt, preserving the 
original internal structure. Magnetite seems to be uiiafPectt'd by the 
process of limoiiitisation. These limonite pseudomorphs are also 
oft(m found as inclusions in the inanganiferous minerals, being undoubt¬ 
edly earlier than (he annirphous limonite and gdithite which are 
describeil below. 

JAtnonile, amorphoutt. 'Phis is the commonest, product of “ liiteritisatioii' 
atul forms the bulk of the ores. 

(Jtjkntr. — Dark grey with a ix'ddtsh mauve tint. 

Itejifcdiviti/.- -I^>wer than that of the above-mentioned mineral, almost 
as low im (luni-t/. 

('rnnnpd p-icoh. —No anisotropic effect, but appt*ars i>orous, and shows 
the charaeteriKtie. n'd and sometimes orange-yellow inti'rnnl refleo- 
tion, e8})cciaUy noticeable along the margins. 

Hardness. -Ijower than that of the above-mentioned minei'al, but 
higher than that of goeiliite. 

It occtirs in fairly large, irregular and amorphous masses, is 
|)orous, and varies in reflectivity from place to place. It is largely 
veined and replace<l by goethite and the manganese minerals {vide 
PI. IT, figs. 3 and 5, Polished section No. 405). 

(Uelhite — 

Cfdoar .—Dark gn^y like amorphous limonite but perceptibly lighter. 

Hefiectivity. —Slight.ly higher than that of above. 

Pleorihroism. —^Noticeable. 

Crossed nicids .—Anisotropic in da»'k greys with red to orange internal 
reflection. 

Hanbiess .—Lower than that of the above-mentioned mineral. 

It is decidedly later than the amorphous limonite, and is found 
veiling the latter (PI, II, fig. 3). Its time sequence with regard 
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to the maDganifeious minerals is variable, being sometimeB immediate¬ 
ly post-limonite and pre-manganese-ore, soraetiiuea post-manga¬ 
nese, as it is found veining as well as replat'ing all the manganese- 
ores and is associated with chalcedony. This chalcedony is discer¬ 
nible in hand-specimens and is usually brown in colour, due to a 
large admixture of wisps of goethite. In polished sections those 
two minerals appear in concentric zones and present the usual ‘ gel * 
structure. 

Polianite andpyrolmitc — 

Colour.— -Whit® with a yellowiah lingo. 

Pleochroium. — Notiwablc. 

Refiectivity .—H igh. 

Crossed niculs. —<]lharacteri8tio tnanvo. blue and yellow colour. 

Polianite^ in polished sections, is sometimes charaotoriwid by a 
marked brass-yellow colour, noticeable even to the i]uai<ied eye. 
It occurs in larger masses and is harder than pyrolusitt!. It is 
fairly abundantly developed and among the mangaiiese-mineralH 
is next in importance to pyrolu8it«‘. and psilomelane. The polianitt^ 
crystals are large and idiomorphic, often with regular cleavage- 
planes arranged perpendicular to the direction of elongation. (PI. 
I, fig. 4). The cleavage-planes may not always be well-marked, 
but show up well on etching. Undulatory <ixtinction is sometimes 
observed. 

The mineral is sometimes found occurring in the druses in psilo¬ 
melane and limonite, and is definitely of surface origin. Bonietimes 
it is as early as psilomelane, the two having been deposited simul¬ 
taneously. It may also be replaced by lab>r colloform psilomelane 
(PI. I, fig. 4, PI. II, figs. 1 and 2, Polished section No. 400). 

Pyrolusite has been observed in several generations. Sometimes 
one vein crosses and displaces an earlier vein of the same material 
in psilomelane and limonite. The acicular crystals of these veins 
are arranged perpendicular to the vein-walls; not all the crystals 
extinguish simultaneously, so that under crossed nicols, the structure 
simulates polysynthetic twinning. Pyrolusite also commonly occurs 
in alternate rings with colloform psilomelane, goethite and chal- 
cophanite. 

PsilofneJane — • 

Colour. —White 

Reflectivity. —High bat vanable, and lower than that of p 3 rroluHiUi. 

Crossed nicols. —Isotropic. 

Easily darkened by 1 : 1 HCl, with development of widely spaco 
triangular markings. * 
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It IB largely rlev(%loped and occutb in more than one generation. 
The earliest type, which is probably simultaneous with polianite, 
is more or less homogeneous in texture and in reflected light, the 
whitest of the different varieties ; only remants of this early psilo- 
nielane is preserved, the mineral having been considerably replaced 
by pyrolusite, chaleophanite ami geethite. 

The lat(jT generations of the min**ral vary considerably in hard¬ 
ness and brightness, preserve the eolloform structure, and may 
occur in cavities in polianite (PI. I, fig. 4) and limonite. Lie.segang 
rings with alternate bands of psilomelane, chaleophanite and other 
manganese minerals are common (PI. TI, fig. 4, Polished section 
No. 407). 

Ptiiloinelane, component 3 of Schneukrhohn — 

Valour. —Gruy white, almost like that of psilomelane in low power 
objective. 

Hcjlectivity .—As high as psilomelane, but lower in the direction of tibsorp' 
tion. 

PleocJtroism.—licnt «ion under oil-iriimersion, gitsy-wfiite to reddi.sh- 
brown. 

Grossed nieols. —Anisotropic effect is very high, between greyish white 
to reddish grey white. 

UCl, cone, does not act so readily on the mineral os on psilomelane. 

It is evidently a late mineral and occurs with the later developed 
colloidal psilon^lane in solution-cavities in polianite or in vugs in 
limonite, in the latter occurrence alternating with psilomelane and 
chaleophanite. It is present in very fine needles and is beat observed 
under higher magnifications. Droplets of psilomelane show, under 
high magnification, the presence of numerous small radiating or 
sub-parallel needle-like crystals in c’eitain zones. It may form the. 
outer rim of psilomelane (PI. II, figs. I and 2); it has also been found 
to occupy the central portions of the spherules. 

Chaleophanite- 

Colour. —(.-Irey with a tinge <*f light violet-; varies in fwlarioc'd light 
tetween dark violet grey and light grey; 

Refieetivity. —Maximum when lU'edles or fakes have long axes para]if>l 
to the iiicol; in tliis position refli'ctivity is slightly lower than that 
of polianite; maximum absorption is at right angles, and reflect* 
ivity is almost os low as that of the ganguc mincmls. 

Crostsd nieols. —Strong anisotiopism, colour varying between white 
and greyish with violet tinge. 

Ilardncss,-—Fnirly soft and is easily scratched. 


4 
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This is one of the last roanganiferous minerals to form, replaoing 
psilomelanc and veiuing linionite and goethite {i^ide PI. 11, figs. 3 and 
5). It also forms alternating riiigs with psilomelane (PI. II, fig. 4), 
indicating that the two minerals originated practically simolta- 
neously from solutions alternating in chemical composition. In 
these rings, the crystals are aligned with their long axes perpendicular 
to the channels. 

- Sometimes chalcophanite forms sphenilitic and sheaf-like flaky 
aggregates in cavities in limonite. It is generally found as an 
alteration product of franklinite, usually accompanied by another 
secondary mineral, hetarolite. In the ores studied, however, neither 
of these two minerals has been fount!. As in the case of the purely 
manganiferouB minerals, this zinc-niunganese mineral is of surface 
origin. Beyond the fact th.at tliese minerals have been derived from 
percolating waters, microscopical exuminatiou has not so far elicited 
any evidence as to the actual source from which the materials have 
been derived. 


VIII. ORIGIN. 

A. Microscopic evidence. 

An examination of the sections makes it clear that the tiountry* 
rocks cttmiKised <»f gneissic granites and mica-schists were subjected 
to procfisses of extensive iimtasomatic replacements in three succes¬ 
sive stages in the following ord(w, viz., (1) liinunitisation or replac;«- 
inent by more cr less purely ferruginous solutfons accompanied by 
the hydration of pre-existing iron-minerHls, leading to the formation 
of amorphous limonite, (2) manganiferous and ferruginous replace¬ 
ments, i.e., niplacM?ment/S by psilomelane and polianjic and contem¬ 
poraneous goetbitc, and (3) manganese-zinc and ferruginous replace¬ 
ments, i.e., pyrolusite-psiloinelahe-chalciiphanite-gcethite formation 
with contemporaneous chalcedony. 

The proceases may be described as follows:— 

(1) IdmonUimtian .—Under this is included the formation of 
abundant amorphous limonite doe to weathering and to the influx 
of ferruginous solutions. Much of the iron was probably derived 
from the ferruginous constituents of the rocks. This stage leprescnts 
the earliest of the supergene alterations, since remnants of limonite 
are found embedded in, and veined by, psliomelane and polianito, 
and also goethitc and chalcophanite. In no case has it been fopnd 
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to be later than the minerals named; on the other hand, it seems 
to be a good deal earlier than the secondary minerals, as its disposi¬ 
tion is in all cases discordant with those of the secondary minerals. 

In addition to the amorphous typ<;, there is a pseudomorphic 
type (pseudomorphic after hsematite). There is no clear evidence 
as to the relative ages of the pseudomorphic and amorphous types. 
The former is found embedded in the latter suggesting that the 
pseudomorphous type is the earlier of the two. It may however 
have arisen at the same time as the amorphous type ; the conver¬ 
sion of heematite to limonitc implies hydration and there is no 
reason why the conversion might not have been brought about by 
the same solution that was pre,cipituting the amorphous variety 
around it. It is of course possible that hydration took place at an 
earlier stage, in which ca.se its age would be earlier than that of the 
amorphous variety. 

(2) Manganiferous and ferruginous replacements .—Coarsely 

crystalline polianite and psilornelane, showing little or no colloidal 
structiiro, were the next group of minerals to be formed by replace¬ 
ment of the primary minerals of the country-rock as well as of the 
amorphous limonitc. They are accompanied by fairly coarsely 
crystalline goethitc. In places, geothitc has formed earlier, being 
found next to limonitc w'alls in the veins, the manganiferous minerals 
occupying the central portions of the veiius. The manganese 
minerals of this ^generation are highly corroded and replaced by the 
minerals of the next generation. 

(3) Manganese-zinc-iron replacements. —^Pyroliisito, psilornelane 
with psilornelane component 3, chalcophanite, some goethite and 
chalcedony fonned at this stage. These minerals invariably show 
colloidal structures and occur in veins and druses in the earlier 
minerals, often replacing them, and following more or less the frac¬ 
tures and bands occupied by the minerals of the preceding stage. 
This is probably indicative of the time interval of the two stages 
being not so very great as that between the first and the second 
stages. [ The minerals may occur in alternate bands indicating 
their successive and alternate precipitation from solution varying 
in composition from time to time.] 

The advent of zinc with manganese and iron is confined to this 
stage. The source of zinc like that of the manganese is unknown 
as no zinc-bearing primary mineral has been detected in the country- 
rock. St>me of the manganese of this stage was no doubt derived 
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firom the mangaDeso minerals of the earlier stage. The introduction 
of zinc into the ores is characterised by the advent of a fairly large 
amount of chalcedony and goothite in an exceedingly fine form. 

B. Field evidence and general discussion. 

The source of the manganese is obs<'ur(\ The lateritised zones 
occur in a country of granitic gneiss containing bands and streaks 
of mica-schist. These as well as basic igneous rocks seem to have 
been subjected to alteration and replac^ement. Partly limoiutised 
fragmenta of amphibole-schisi were found in the band south-west 
of Plia.simal. Though none of these local typos of r(H;ks have 
been chemically analysed to determine their iron and manganese 
content, they do not appear to be in any way abnormal. 

It is well-known that igneous and metamorphic rocks contain 
some manganese, the average fur igneous rocks being 0*124 per cent, 
of MnO, or 0*10 per cent, of Mn^ according to F, W. Clarke and 
H. S. Washington, and 0*098 Mn according to Hevesy and others.* 
The (dement is contained mainly in some of the fijrruginous, titani* 
fcroiis and ulumiuous silicates such as bioiite, chlorite, aniphibolc, 
garnet, etc. Manganese is invariably accompanied by much iron, 
the proportion of Mn to F(j being roughly 1 : 100 in acid rocks and 
1 : 30 in ba.sic rocks,* From the above figures it can be computed 
that 1 kilogram of Mn may be derived from the dissolution of 1 ton 
of average igneious rock, or fnuu 3 to 4 tons of granitic ro<jk, sinro the 
latt(^r contains smaller amounts than iiitenruHliuti; and basic rocks. 

As we have 8(ien, the rnangane^se-on* is found in close association 
with liinonite in zoims whicli run parallel to th<^ sc histusity of the 
country rock. These, zoncss are covered by fore.st and their junction 
with the surrounding rocks is obscured by a thick mantle of ferru¬ 
ginous soil. The occurrehcc of brecciated quartzite cemented by 
Ghalcedonic silicji seems to indicate that lateritisaiion has occurred 
in shear-zones. Such zones should have constituted excellent chan¬ 
nels for the circulation of meteoric waters which, it is suggested, 
dissolved the manganese and iron contents of the surrounding rocks 
and precipitated them in these zones. The limonitisation of these 

» F. W. CJarko, Data of Geochemist^. U. 8. G. H. Hull. 770, p. 29, (1924); Clarke 
and Washington. The Compoaition of tho Earth’s Crust. U. 8. Q. 8. Prc^esaicmal 
taper 127, (1924). 

■O. ron Uoveay, A. Merkel and K. Wurstlin. Dio Hauiigkoit doa chroma nud 
Mangana. ZeiU.f. anory. Chem. 210, p. 192, (1934). 

* W. J. Vemadaky. Geoebetnie in auagevahltcm Kapitcln. p. 61, Leix»ig» 193(k 
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zones is therefore thought to be due not merely to lateritic weathering 
but in a large measure to replacement of the country rock by 
circulating waU?rs. 

Manganese goes into solution as bicarbonate and less commonly 
as sulphate or phosphate.^ Carbonic, sulphuric and humic acids 
lielp in dissolving the manganese and iron content of the rocks. 
The bicarbonate is probably the most common form in ground 
waters. Iron is precipitated from those waters by oxidation and 
aeration in a slightly acid environment while the manganese comes 
down in an alkaline environment.* Iron and manganese oxides 
(and hydrates) are precipitated urulcr oxidising conditions, aided 
perhaps by the pnsscnce of living organisms which are held by 
many authorities® to play an important part in manganese deposi¬ 
tion. The minerals formed under oxidising conditions are wad, 
pyrolusite, polianite and psilomclane, some of the precipitates 
being colloidal in nature. 

Manganese is generally accompanied by small amounts of Ca, 
Ba, Zn, Cu, Co, K and Li in addition to the dominant iron. Some 
of the oxides of th<i.se cloments are probably ab8t)rbed by the colloidal 
iron-manganese prec.ipitattis. Moreover it is known that Fe, Mn, 
Mg and Zn (divalent elements) can to some extent take the place 
of each other in isomorphous relationship as they have more or less 
similar atomic- dimensions.'* 

The minerals found in these* (leposits -limonite, goethitc, pyrolu- 
sit<j, polianitt*, ‘'psilomclane and chalcophanite—indicate formation 
at ordinary tempcfratures and pressures. Some of tliem show 
colloform and banded structures. Thase fit in well with the hypo¬ 
thesis of deposition from ground waters of vadose nature. This 
does not necessiirily mean that the manganese and iron were derived 
from the rocks in the immediate vicinity. They may have been 
brought in from some distance by ground water in circulation. 

Field evidenc-e is in accord with the microscopic evidence as to 
the age relationship of the minerals. As already mentioned, the 
limonite masses are traversed by veins of manganese minerals. 

• W. Lindgren. llinoral Deposits, p. 280-81, 4th edition. Now York, 1933. 

• OmI Zapffi). The dopisitiou of Mat^aAoso. Econ. Oeol. XXVI, pp. 799-832, 
(1931); Catalysis and its bearing on the origin of Lake Superior iron-bearing formations. 
Scon. XXVIII, pp. 751-772, (1933). 

• See VV. J. Vernaasky. Qoochemie in ausgewahlten Kapitoln. p. 71 e< teq. Leipzig, 
1930. 

^•W. J. Vernadsky. Loc. ciL, p. 64 . 
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Tho cavities are lined by concentdc layers deposited from water. 
The nodules in tho soil represent replaced fragments of rocky matejdal 
or segregation of ore in concretionary and botryoidal shapes,, during 
tho course of continued weathering of the iateritised sones. 

Numerous examples can bo cited as illustrations of deposits of 
residual and bedded iron-manganese ores which arc regarded as 
having been laid down by -water. These include replacement lodes 
and po<'kets, bog iron-ore and wad, and segregations of manganese 
nodules in the sea-bottom.^ Kesidual deposits of manganese 
of lateritic origin have been described from different parts of India 
by Sir L. L. Fennor.* The deposits described in tlic present paper 
may be considered as having the characters of both lateritic and 
metasomatic ones. 


IX. PROSPECTS OF WORKING THE DEPOSI I S. 


Low grade of ore. 


The analyses given in a previous section show that the ores vary 
from mangauiferous iron ores (Mn 5 to 30 per w!nt. and Fe 30 to 

65 per cent.) to ferr\iginous nmnganese-orcs 
(Mn 26 to 50 per cent, ami Fe 10 to 30 per 
cent.) in the nomenclature adopted by Ferinor, All of thc'iii con¬ 
tain a considerable amount of iron, and the total of iron plus manga- 
newj averages 55*4 per cent. In only one ca8<j do<,‘H the manganese 
content exceed 35 jxt cent., which would be classilwd as a inanga- 
nnse-oni in the U. S. A., but not in India {see Uee. (Jeol. Hurt, Ind., 
LXX, p. 221, 1935). The area cerliainly con tains IwitO^r ore, but 
it would be difficult to collect quantities of such ore for purposes of 
marketing. The average deduced from th(i analyses given 
above will be about 26 per cent. Mn and 31 per cent. Fc. 

It is very doubtful whether a market can bo found at present 
for such a low grade ore, especially (w large quantities of ore of high 
grade (with over 48 per cent. Mn) are still produced from the mines 
in Central Provinces and Vixagapatam. 


* Boyseblag, Vogt and Krnsch (Traiulatod by Tnucoti). Dopmiis of usoful minorals 
and rocks, London, 1916. Pp. 812-869 (Metasomatiii Iron and Mangancao lod«i); 
up. 9S2-1UOO (Lake and b<ig ores); pp. 1099-1108 (Manganese-ore bods). 

H. 1>. Miser. U. 8. (J. 8., Bulf. 734. 

£. C. Harder. The iron ores of the Appalachian region in Virginia. U. 8. Q. 8, 
Bull. 380, p. 215. 

* L. L. Fermor. Manganese-ore depoetta of India. Mem. Vent. 8urv. Ind., XXX Vll. 

pp. 380-389, (1900). . 
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With regard to the quantities obtainable from the deposits ii 

Banira, it has already been mentioned that the ore is distributc< 

in an erratic fashion in the debris and soil o 

Low yie d. lateritised zones. So far as known, tin 

best results were got from the eastern slopes of the hill near Khairdih 

wh(?re the yield was about 90 lbs. of 30 per cent, ore per cubic van 

of earth. At other places the yield will be much leas, down t< 

almost nothing but slightly manganiferous limonite or lateritisec 

rock. In this band, ospcicially between Pukhura and Krimaloi, t 

few hundred t4»ns of ore (!an be expected. This is of course a mere 

gueH.H, since it will be necessary to carry out 
Proitpeclinti'neceuary. , . -t , .. « • • ^ i- i i 

detailed prospecting for arriving at a reliable 
estimate of the (juantities present in each band. 

The Piikhura-Krimaloi area is at a distance of about 20 milcf 


from the nearest stations on the Jharsuguda-Sarnbalpur branch ol 


Transport facilities. 
From th<! rail-head 


the Bongal-Nagpur Railway, while the Jaiuun- 
kira area i.s about 10 miles further aw'ay, 
to (^alcntta the distance is 330 miles. Should 


it be possible to find a rcmuiu'rativc market for the ore, the deposits 
can be worked by tpiarrying on a small scale with the local labour. 
The ore will in most cases ro(]uire breaking up and hand-picking, so 
as to improve the grailo by rejecting the siliceous portions and limo¬ 
nite, but it is believed that it will be difficult te bring the manganese 
percentage even up to 40 per cent, without rejecting far too much 
of the inateriM. 


Perhaps the best way of utilising the deposits will bo to work 
the limonite as well as the ferruginous manganese-ore so that the 
whole can be used as a manganiferous iron-ore, in which case the 
tonnage available will be considerably increased and economic 
working w'ill be possible umh'r normal conditions. Buch a course 
however will not be possible until there is a demand for ferruginous 
mangaueso-oro conteiniiig, say 5 to 15 per cent, manganese. 
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EXPLANATION OF PLATES 


PLATE 1. 

Fio. 1. Quart* (white) lioing replace*! by manganosi'-cm’ (Thin section No. 26,638). 
X 24, ordinary li^dit. 

Fia. 2. Mannelite (dark gny) it'jjlaeed aUuiH octahedral cleavages by ha'matito 
(light grey). Polished seetion No. 404. X4."i0, rertected light 

Fiu. 3. UtPinntito. showing twinning. eud)edded in polianitc and psilomelane 
(a])iM>iirit)g dark ow'ing t<» tieulmcnt with utcliing reagents). Polished 
8e(-tiori No. 404. x4o0, ivtlected light, crossc'd nirads. 

Fio. 4. PuliaiiiU) (marked by cleavage) replaced by colloform psilomelane. Polished 
wetion No. 406. x40, leflected light. 




FIG. 1. QUARTZ (WHITE) BEING REPLACED FIG. 2. MAGNETITE REPLACED ALONG OCTA- 
BY MANGANESE ORES (BLACK). HEDRAL CLEAVAGE-PLANES BY H/€MATITE 

X 24, ordinary li);hl. (WHITE). X 450, rrfircicd lifilit. 



P K Ghcish. PhoUmicros C S. I. Calcutta. 

FIG. 3. H/EMATITE, SHOWING TWINNING, FIG. 4. POLIANITE (P) RCPLACED BY 


EMBEDDED IN ETCHED MANGANESE COLLOFORM P8ILOMELANE (P«). 

MINERALS (DARK). X 46, reflected light. 

X 450, X nicols, reflected light. 




PLATE JI. 


Fia. 1. Ei)lurK(‘(i view ol a {Mirtion of Fig. 4, IM. I, showing a remnant of {x>Uanite, 
roplawd by amorphous psilomolane witit pailomelane component 3 
(upfioaring aB bright radial noedlcH along the margin of amorphona 
[Milomelann). PuliMhud section No. 4()ti. ,<184, n.*.flected light, crossed 

nicols. 

•Flo. 2. Hhows spherical bodio.H of psilomelano with a ritn of psilomelane component 
3, replacing pnlianitc. l-’olished section No. 400. X184, rofleoted 
light, crossed nicols. 

Fia. 3. Araf>rphoiJH limoiiite (h) vuiiMHj and replaced by geethite (G), psilomelane 
and r/uilrophattUc (C) in turn. Chaloophanito further veined by 
jjsilomelane. [See. also fig. 6). Polished section No. 405. x37, 

relU'cted light, crossed nicols, 

!Fiu. 4. PyntluHiU^ in the oori* is followed by several bauds of amorphous psilomelane 
of varying powers t»f n'Heclivity, and then by altomatc rings of chal- 
eophanite (dark) and jisilonielane in Liesogatig ring fashion. Polished 
section No. 407. x37. rcflectoil light. 

Fio. 6. An eidurged view of a iHirtion of Fig. 3, showing highly birifringont chal> 
eoplianit* ((’) with a central vein of [isilomelane (dark), veining geethite 
fisiioineinpe (P) and liinonitc (L), the last mentioned mineral being 
the enrliesl of all. Poli.Hhed scetum No. 4<)."». X184, reflected light, 

crimtHHl nieuls. 
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Plate' 2. 


Prote>>ioiKil Paper. No. S. 




FKi 1 f'OLIANITE (CENTRALi REPLACLD 
BY PSILOMELANE AND PSILOMELANE 
COMPONENT B 
X 184, ri'flfi tfil linlil. X iiicolv 


no '2 PSILOMELANE WITH MARGINAL 
HIM OF PSILOMELANE COMPONENT B 
IN POLIANITE 

X 184. l‘<•lll■( led linlit. X im ols 




Fiti t AMORPHOUS LIMONITE (L| VEINED 
AND REPLACED BY (iOETHITE Kji. PSILO 
MELANE AND CHALCOPHANITE (C) 

X d7, rr-fli-f tcil liKlit. X MKol.s 


Fi( 4 PYROLUSIEE FOLLOWED 
BY PSILOME LANL (P) BANDS, 
CHALCOPHANITEiClETC. 

X 87, rclli'f li'il li(,;lil 



FIG 5 CHALCOPHANITE (Cl WITH VEIN OF PSILOMELANE 
'Pji. VEINING PSILOMELANE 'P„ GOETHITE (Gl, THE 
LAST TWO VEINING LIMONITE .'Lj 
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The Cambrian Fauna of the Salt Range of India. 

By W. B. R. King. (With Plates 1-5.) 

GENERAL INTRODUCTION. 

The collection consists of a large number of fossils from the 
locality at Kusak (32® 42' 30* : 73® 4') from which Mr. Micldlemiss 
obtained the fossils described in 1901 by Redlich. 

This part- of the collection enables additional information to l)e 
obtained regarding the trilobite Redlichia, but the, brachiopods 
have been so fully dealt with by the late Dr. Walcott in his mono¬ 
graph on Cambrian Brachiopods that there seems to be little to odd 
to his description. 

1 ^ The other localities from which identifiable fossils have been 
obtained are N.E. and E.N.E. of Chittidil Rest House (32® 29': 
71® 54')—^here some new trilobites have been found which are 
described in the sequel. 

The brachiopods from these localities appear to belong to forms 
already described firom India and re-describ^ and figured in detail 
by Walcott. 

The specimens &om Chhidru (32® 33': 71® 46') are in a poor state 
of preservation, and do not appear, to justify description. 

From Ehewra (32® 38': 73® 1') spemmens of Neobdus have been 
obtained, but these do not show any new features and so have 
not been refigured. 
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Difw;ii8sioa regarding the Salt Range Cambrian succession has 
been published l)y Mr. E. K. (ice in 1934 and in this there is a biblio- 
grapliy of the papers dealing with the stratigraphical succession. 

Tlie following gives a list of the localities with the forms which 
have been identified: - 

Kusalc Fort Hill. (K33/689). 

Redlichia sp. 

Neobolus warlhi Waagen. 

Ifyolithes m/nmi Waagen. 

Kusak Fort Hill. (K33/590-592). 

Redlichia nmilingi (Rcdlich). 

Hotsfordia {Mohergia) gramlata (liedlich) 

yds. N.E. of Chittidil Rest House, 

(K33/591 Jind Types 17264-07). 

Cfntlidilla plana gen, & sp. nov, 

Plifchoparia sakesarehsis sp. nov. 

900-1,000 yds. E.N.E. of Chittidil Beat House. 

(K33/595 & Types 17256-63). 

Plychoparia geei sp. nov. 

I*tychoparia mkesarensis sp. nov. 

LinguklUt wanniecki Redlicli. 

Botufordia {Mol>ergia) gmnulaJta (Redlich). 

If m. S.E. of Chhidru. (K33/671-72). 

? LinguU’ll.a imnniecki Redlich. 

Khewra gorge. (K33/674-675). 

Neolndus imrthi Waagen. 

Nilawan. (K33/676). 

Neoholus U'arthi Waagen. 

Jhfolitkes mfnnei Wtaagen, 
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DESCRIPTION OP SPECIES. 

TRILOBITA. 

Order opistoparia. 

Family HKDLICHIWAE. 

Redlicuia Cossman. 

ReAlichia noetlingi (Redlich). 

Plate 1, ligs. 1-3, Plate 3, ligs. 1-9 aad Plato 4, figa, 1-10. 

Hotferia Mvilingi RedHcll, Po/. Ind., 19<)1, l)otll Var., angiuta and 
var., Uila. 

Redlichia noeUingi (Redlich) t Ooasinann, Net'. Critique Palmoxool., 
1902, p. 52. 

Rtdlichia noeUingi (Rcdlich) Rcod, Pal. Ind., 1910. 

R<*dlK;li’8 original description of this form (Redlich, 1901, p. 3) 
under the. name Iloefcria noetliiigi gives the main features of tho 
species, l>uf some additional information is now available. Some 
30 good specimens of cranidia an? in this collexstion, most of them 
show some signs of distortion although tlu* rock in whi<;li they arc 
preser\'ed is a mudstone with no obviou.s .signs of c.leavage developing. 

It has been found that by measuring all the available gftorl 
cranidia and plotting the results, some interesting figures are 
obtiiined. * 

It appears that the average breadth of the glabelHi at the posterior 
glabella furrow i.s 02 per cent, of the length of the glabella. Similarly 
iking the average of the angle between the pre-ocular part of the 
“ facial suture and the axial direction we get an angle of Oi** (angle a 
of Saito, 1934, p. 219). (See text-figure 1.) 

In the abundant material now available there is every gradation 
from the short stumpy glabella to the narrow elongated form, whioh 
suggests that the vars. UUa and angmia of Redlioh’s original descrip¬ 
tion may be better interpreted as distortion of tho specimens 
belonging to the same form by compression of the rock either parallel 
to, or at right angles to, the axial .direction of the cranidium.* 

* W hitf^honsr (19.S9, p. 188) points out that be boftclKMien Plate I, fiff. 1 of Kodlich 
OB the lertotype. Tlio n'-exainination of the tj’pe material »bow« that this apccimeti ia the 
only one which can W identifiei] with certainty and the ptewnt nt-ndv Bhowa that tM>tl( 
natnea var., angnUa and la/a nioat bt; abandoned. 
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If we take these average measurements as tei^esenting the pro- 
l»ahle dimensions of the original cranidium, we get an outline as 

A B. 



Fko. 1.—A. Values for angle a from specimens showing both right and left margins of the 
preglabollar field. Value ^ plotted giving an average of 64°. B. BrcadthjlJ 

R X100 

Length ratio for glabella —-giving a valne of about 62 : 100 for the 

probable dimensions of the glabella. 


in text fig. 2a, Thu outline was drawn on a piece of soft draughts* 
man indianibber (a) with the iudal direction along the length of 
the rubber, and (6) at 30°, 45° and 60° to the length. The rubber 
was then subjected to slight compression in a vice, and the text 
^ figures 2b’g are drawings of the deformed outline so obtained. The 
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figure in the right hand top comer was a eqhare liefoie deformation 
and shows the slight amount of compression which was nsed. 



Fin. 2.—a. UndistorUxi cranidium drawn from avr>rago meaHunstiifiita. 
b. Couipreiiiiod paraUel to axiii. 

6. Compreiwcd at right angles to axiK. • 

d. & e. Coinpressed 45^ to axis. , 

/. Goniprcesed 30° to axis. 

Compresaed 60° to axis. 


It will be seen that these outlines agree in a remarkable way 
with the specimens figured in Plates 3 and i. 

One rock fragment has two craipdia, one on each side of the 
fragment. In one there is fairly complete symmetry, but the crani- 
dinm is of the short stumpy type of the var. lata with angles of value 
of about 85*^—80^ to the axial line for the pre>ocular course of the 
facial suture (angle a) (Plate 4, fig. 3). The other specimen (fig. 4) Um 
with its glabella at an angle of al^out 40'' to the first (but on the other 
side of the rock). This shows a distorted cranidiuin tending towards 
the var. an^usta with angle oe of TS** on the one side which is 
preserved. Clearly here the form is controlled by the direction in 
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which tho oranidui lie In relation to the direction of compression 
in tfio ro<*ks. 

In Htiidying the rest of the material representing this species, 
the shape of the fr(*o chc.eks ran be determined with some certainty. 
There are seviTal points where the additional material supplements 
Kedlieh’s figures and diagrams. The best preserved specimens show 
an absolutely continuous curve of the outer margin c)f the eheeh 
with the genaJ spine, w'hereas Iledlich’s restoration {op. cU.y Plate 1, fig. H) 
Hh<»wa B distinct outward bond of the spine at its junction with the 
clu'ck. Secondly, the margin is strengthened by a strong doul)lur(5 
wliich continues the curve of the margin anteriorly on the undiir 
side of the cheek as a spike. The section of the margin is Hat on 
the dorsal surface and rounded on the vf*ntral side. 

Hedlieli notes that this margin is “ longitudinally striated ”. 
This is true in general although in <letail the striiw at the actual margin 
are not purnllol to the margin hut directed slightly inwards anteriorly. 
Tin* geiml spine is oval in cross section and on it the stria* turn 
into short marked rugosities nearly deserving to be called bbmt 
spineJets. They are arranged much as tlic scales on the cone of a 
Hr trcic. 

One point which has given much trouble is the course of the post- 
ocular part of the facial suture. On the crunidia ligured by Redli< h 
this is not shown but in the reconstruction the wing-like extension 
of the e.ranidium along the jtosterior margin is shown by dotted 
lines and the ppsitiun of this part of tho facial suture was undoubt¬ 
edly obiaiued from a study of the free checks. 

In the abundant material now available for study, only tw^o 
specimens have been found whicli show this narrow* lat-i'ral extension 
of the. posterior part of the eranidium, all the others appear to have 
a post-ocular fa<’.ial suture w'hich runs nearly straight ilown to the 
posterior l)order. This is deoepti% e. and is probably due to fracture 
for a, study of the free cheeks supports the evidence of the tw'o 
specimens regarding the presence of the lateral extension. 

A number of the cranidia show a row of definite pita in the furrow 
which separates the pre-glabellar field from the anterior rim (see 
Plato fig. 6). '1 his agrees with what was found in the specimens of 
Kedlichia from Persia (King, 1930). , 

There are some twenty well prestjrved free cheeks. The thick¬ 
ened border, with its doublure is continuous with the genal spine, 
and with the outer half of the posterior margin. That the doublure 
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18 continued beyond the genal upine is well seen in one of Redliob’s 
specimens figured by Him (1901, Plate I, fig. 3) and refigured Here 
(Plate 3, fig. 4) and also seen in the specimen (Plate 4, fig. 10). At tbo 
point where the raised border and doublure end, at some little dis¬ 
tance posterior t^) the genal spine, the posterior margin of the free 
f cheek takes a sharp b«‘nd of about TO'’ so that for some distance it 
runs at right angles to the main axis of the trilobite before it rises 
sharply to the base of the ocular area. This latter part corresponds 
with tlje apparent base of the fixt^l cheek as seen in the great majority 
of specimens. 

In his discussion of H. cMncnsi(t, Saito states “ the post-ocular 
course of the suture is unknown, but it is likely that it is ri^pres- 
ented by the margin OX, text-fig. 1 ”, i.c., he assumes that it runs out, 
» in a similar way to that in which it appears to do in R. noetlingi, although 
in some other species of Redlirhia the post-ocular course is short 
and runs dirc(!tly backwards. An examination of Mansuy’s (1912) 
excellent plates of R. chinensis {~~R. nmosuyi Itesser and Kndo), 
supports Saito’s suggestion. 

This feature emphasises the close relationship between 72. noctlingi 
72. chinensis and 72. mansuyi. 

At the point where the suture reaches tils posterior border, 
however, there is a marked change in the direction of the posterior 
margin of the ccphalon which is well shown in Hcailich’s reconstruc¬ 
tion (Plate 1, fig. 8). • 

This is of considerable interest when the systcinatic position of 
Redlichia is considered, for, as Poulscn says (1927. p. 319) “ Redlichia 
is, at any rate, the genus which shows the closest relationship to 
the Mcsonacidro, the most primitive family known In the 
Mesonacidse it is common to find a marked inter-genal spine, while 
in some species, e.y., O. grcmlandicus (Poulwm, 1927, XIV, fig. 29), 
the main spine is situated in a position very similar t(» that on the 
free cheek of Redlichia. If the genal spine of Redlichia is homolog¬ 
ous with the genal spine of the Mesonacids, and the angular bend 
in the posterior margin of the Redlidhia cephalon is homologous 
with the inter-genal spine of c^ertain olenellids, it would appear 
to strengthen the relationship of tke two families and to suggest 
that the well formed suture (k Redlichia points to the probable posi¬ 
tion of the undeveloped sutures of OleneRus ; that is, in the position 
Poulsen considers most likely. (Bee also Whitehouse, 1939, p. 188.) 
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'J’horax.- ^)nly Hcattered isolated pleur® are preserved, but a 
number of strong spines are found similar in every way to the genal 
spines only synunetrically spreading out into a funnel-shaped area. 

A few of these are attached to the axial part of a thoracic segment 
(I’latc J, tig. 1). In tw o cases the spine and axial ring are joined to 
a short pleura with the normal spined termination. The shortness 
of the pleural part suggests that it was one of the posterior segments. 
This agrees with the observations of Saito and Mansuy on other 
species of RedlicMa. 

The pleuise are obliquely grooved and end in sharp backwardly 
directed spines (Plate 4, figs. 6-7) which vary much in length according 
to their position in the thorax. In one specimen the spine is seen 
to be formed of a dorsal and ventral part, the latter being the 
doublure (Plate 1, fig. 3). This gives a flattened hollow structure 
which, when broken from the rest of the pleura, might easily be 
mistaken for a specimen of an Hyolithid. 

Rince the tinii; of Redlich’s description of the lirst Hpeeies of the 
genus under the name Hoeferia rtoeduuji, a number of new species 
have boon described. Of these tlie nearest to the Indian form is 
It. mbilis as noted by AValcott, who states that it is “ closely relatetl 
to H. noetUngi ”, the. only differences being minor proportions of the 
glabella, while Saito states that the main difference i.s that in R. 
nobilis the palpebral lobe does not reach the glabella, while in /?. 
iwetlifuji and^ R. chinensis it is only separated by the furrow. 

The chief difference from It. vJiimmsis is in the angle a made by 
the pre-ocular cour.se of the facial suture which is ixr in R. chinensis, 
75'’ for H. nobilis and 64" for R, noetlingi and 45" fi»r R. cormnica. 

Recently several new species of Hedlichia have been descrilw’d 
by Resser and Kndo from KasteTu Asia. Some of the forms origin¬ 
ally referred to R. chinensis by Mansuy and Walo-ott have been removed 
from that species to R. mansuyi by Resser and Endo (1937, p, 282). 
'riiis form has much in common with R. noetlifufi. The Australian 
form described by Foord (Etheridge Jr.. Ms.) under the name Olenel- 
Im forresti in 1890, has many similarities to the Salt Range species. 
The angle « however'is rather smaller, being about 50® to 45®. Dr. 
C. J. Stubble.field is working on* some new Australian material and 
oomparisons between the forms from the two areas will, no doubt, 
indicate further features of similarity and difference. He has given 
me much help in studying this collection. 
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The question of the age of the Redlichia is diecuased by Saito 
and the writer agreed with hia opinion (King, 1937, p. 5), that they 
should be placed in the lower part of the Middle Cambrian. This 
opinion is expressed by Dr. Walcott when redesoribing the 
brachiopods. Dr. Whitehouse (1939, p. 264) however stili retains the 
Redlichta stage in Australia in the Lower Cambrian idthough he 
states that the Australian horizon is equivalent to an early part 
of the Eedlichia sequence, as developed in Asia ** (p, 265). It has 
been thought advisable to rehgure the original speoimena described 
by Redlich since his drawings are considerably restored. 

The specimens from the Neobolus Shales of the Chittidil localities 
belong to species of Ptychopana and an allied genus here named 
ChittidiOa. 

The porition of PiycSwpatia has always given much trouble in 
Cambrian Palssontology, for authors have interpreted it in diverse 
ways, some using it in an extremely wide sense, while others have 
tended to split it up in numerous new genera. Reed (1910, p. 13) 
devotes several pages to the subject, but retains a krge series of 
species in the genus. Walcott (1913, p. 130) also included many 
species in this genus, but pointed out that he has included forms 
with relatively long palpebral lobes. Similarly many North 
American species have been referred by various authors to the genus 
PlycJioparia. 

Recently, however, there has been a tendency, "particularly by 
Resscr in America, and Kobayashi in Japan, to* refer the American 
and Asiatic forms to newly erected genera. 

Undoubtedly it is advantageous to refrain from lamping 
unrelated forms together into one genus, but on the other hand faunal 
similarity of widely separated regions may be masked by giving 
a new ^nerio name to a form largely'because it is from a different 
geographical area. 

The main difficulty with Ptychoparia appears to be that when 
dealing with simple types which conform to the common unspecia¬ 
lised Middle Cambrian pattern it is doubtful what reliance can be 
placed on minor variations in the rdative dimeusions of the various 
parts, and it often appears that there is nearly as much variation 
between tiie different species of some of these newly erected genera 
as between the various genera themselves. 
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Tlw f’orrnH from (Jhitiklil appear ttfj be very near even the most 
jlefiiiition of the genus Ptychoparia baaed on the type 
JH. striata Kmrnerich. 

'I'he f>i(;t that all authors admit that forms which cannot be 
distinguished from Ptychoparia have been found in the Pacific 
Miildle (Cambrian province, does appear to justify retaining that 
general naine for many of the Indian species. 

Ill making (lomparison with Reed’s (1910) liychoparia from 
Hpiti, a difficulty arises in that the Spiti fossils are all crushed 
and deformed, and it would seem to be better to erect a new species 
rather than make what is possibly a false identification which 
would ten<l to carry an exact correlation of the beds in the two 
ureas. 

If liowever these forms are moved from Ptychoparia they must 
be placed in or very near Whitehouse’s new genus Lyriaspis from 
the Middle (>arnl>riaii of Australia (Whitehouse, 1939, p. 202). It 
may be noted that VVhitehau.sc places the Bpiti species Pt. spitiensis 
and Pi. strtu'heyi of Reed in his new genus. 

TRILOBITA. 

Order OPISTOPAHIA. 

Family PT Y( HOP.4 JtlIDA K, 

Oenua Ptychoparia. 

^ Ptychoparia geei sp. nov. 

, Plate 1, figs. 6 and 7. 

Description.—\\oAy oval flattened. 

(Vpbalon.---Almost exactly semi-circular extending beyond the 
thorax at the angles, ju.st twice as wide as long. Genal angles with 
flat- stout spine reaching to 4th or 5th thoracic segment. 

Cranidium.--Glabella slightly elevated above the rest of the 
cranidium, tapering sub-conical with rounded anterior margin; ratio 
of length to width between 1*3 and 1*5 to 1. Glabellar furrows, 
three in number well marked at the margins but not extending across 
the glabella; posterior pair directed backwards at an angle of about 
45®. The middle furrow directed only slightly backwards, and the 
anterior furrow short, and rither running straight into the glabella 
or directed slightly anteriorly in a few specimens. 

The fixed cheeks, flat, 2/3 width of glabella at the palpebral lobes, 
pre-glabellar field slightly convex, separated from well marked narrow 
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frontal margin by a well defined but shallow groove. Frontal 
margin somewhat uptumcil and touvex, wider in centre than at 
sedges. The pre*glabellar field is separated from the fixed cheeks 
by a well marke<l eyelinc which joins the glalwlla halfway between 
tlie jijitorior glabella furrow and the anterior end of the glalndla. 

Palpebral IoIkvs small. The course of the fa<'ial suture is similar 
U) that found in Plgchaparia stritUa. It rises first at right angles 
across the jiosterior margin of the cephalon and swings inwanl to 
run j)raeti{‘ttlly straight to the palpebral lobe at an angle of 45” to 
the posterior margin. 

From the palpebral lobe it runs almost parallel to, or diverging 
slightly from the axial line till it meets the furrow separating the 
anterior margin from the pre-glabellar field where it turns sharply 
and passes obliquely acrog.s the anterior margin. 

The free cheeks show a flattish thickened bonier only slightly 
marked off from the centre of the cheek. The anterior corner shows 
the oblique crossing of the rim by tlie facial suture and the posterior 
part is produced into a strong flat geual spine. 

TJioracic segments. -A slightly tapering axis which at the third 
segment occupic.s about 2/9th of the total width of the body -number 
of segments unknown- probably not less than 12. 

Pleura’ narrow, and faintly grooved, ending in short posteriorly 
<lirectcd spines. 

Pygidiuin. Small, lens-shaped; axis well defined about 5 rings 
visible; lateral ]>arts 4 segments visible; margin enti/e. 

Meamrvowntii of type - * 


CVphalon - 

. . . . . . • .11 mrii. 

UidU) ......... i'l ruin. 

Clalx-lln (including neck ring)— 

l/cneth , . . . . » *”*n. 

Width. . 1» mra. 

t ranidinin width At palpebral Jolit'M .... Il’Dinni. 

Thorax at 3rd body ring ...... 21 xnm. 

Axi.<i at 3rd l>ody ring ....... 4 mm. 


.MohI of the A|)ccimc-nH of cranidia measure apprnxirnatei> 10x15 min. 

The material consists of one nvoie or less complete cephalon with 
eight body rings attached. There are also several fully grown 
cranidia and in the collection there are a few isolated pygidia which 
probably belong to this species. 
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All th« »{>eoimen8 'arc preserved in a fine maroon-coloured inud- 
Mtr>ne with micaceous parting's and thin grey bands. 

The specimens appear to be flattened, but show no signs of dis- % 
fortiori like the Redlichia of Kusak. 

From the stratigraphy the horizon cannot be far removed from 
the HedllrJiia horizon of Kusak, although no signs of Redlichia itself 
have been seen, 'fhe characteristic Botsfordia (Mobergia) of that 
horizon, however, does occur with other brachiopods on the same 
slabs as the Ptychojmria. 

Piychoparia saJeesarensie sp. nov. 

Plate 1, figs. 8-9 and Plate 2, figs, 1-4. 

Associated with Pi. geei is a closely related form with a more 
quadi'ate cranidium and glabella. 

Dftscnpiion. "-Crunidium, general appearance square. Width 
at. eycline almost exactly equals the length along the medial axial 
line. Frontal border only slightly curved, frontal rim widest at 
central point separated from pre-glnbellar field by shallow furrow 
(specimens tend to break along this furrow), 

Pre-glabellar field slightly inflated, marked from the fixed cheeks 
by a well tlefined eyeline which starts a little below the top of the 
glabella, and runs slightly backwards to a small palpebral lobe. The 
two branches of the pre-ocular facial suture converge only very 
slightly as tl^ey run forward to the anterior margin. 

The small pa4)ol)ral lobes are situated half way Ijetween the 
anterior and posterior margins. The po.st-ocular part of the facial 
suture runs back to the posterior margin at an angle of 40° to the 
axial line. 

Ulabella with straight sides converging slightly anteriorly, trun¬ 
cated by gently curving anterior margin. Glabella slightly rai.sed 
above general level of the cranidium. Three pairs of glabellar 
furrows, each reaching about ^ across the glabella. Posterior pair 
directed slightly backw’arda. Neck ring fairly well defined. 

This form differs from Pt. ged in the more quadrate shape of the 
whole cranidium, ami also in the shape of the glabella, which here 
is a truncated cone while in Pt. geei more parabolic in outline. 

The material consists of a number of cranidia, both mature and 
small immature specimens, all preserved in maroon shale and thus 
probably somewhat flattened. It is diBBlGult to compare these sped- 
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rneos with tibe form called ConoeephaUtee uftaihi hj Waagen bnt 
as wiD be seen from the photograph of this specimen (Plate 1, 
fig. 4) it shonld probably be referred to the same genus as Ptydw- 
jkiria eateeareneis though perhaps not to the same species. 

Since Pt. eakesareneia and Pt, geei occur associated it is difficult 
to say which isolated free cheeks belong to which speoies. 


ChittidiUa plana gen. and sp. nov. 


Plate 2, figs. 5-8. 

Description.—Cranidium consists of slightly tapering glabella^ 
with three pairs of glabellar furrows faintly visible stretching about 
1/3 way across the glabella and directed slightly posteriorly. Neck 
ring well developed with short posteriorly directed blunt spine. 
Fixed cheeks wide, nearly flat, pre-glabellar field slightly arched 
and reaching without a furrow to the anterior margin, thus it makes 
one feature with what must be the frontal rim, Pre-glabellar field 
divided from the fixed cheeks by a nearly horizontal eyeline which 
joins the glabella a little behind its anterior margin. 

The facial suture rises abniptly from the posterior margin, and 
after crossing the posterior furrow swings in towards the glabella; 
at the posterior end of the palpebral lobe the fixed cheek is nearly 
as wide as the glabella at this level. The palpebral lobe is not verj 
inflated subtending about the middle 1/3 of the length of the glabella. 
From the anterior end of the lobe the facial suture nins practically 
straight forward to the margin diverging only a few degrees. 

A free cheek associated with these cranidia shows a strong genal 
spine and the forward bend of the anterior co.jrse of the facial suture 
at the anterior margin. 

Associated thoracic segments are poorly preserved, but ap[>ear 

to end in a blunt spine rather than being rounded. 

^ 1 

Dimensions of type — 

Length of cranidinm .... 

Breadth of oranidiam at posterior margin 
Breadth of crantdiom at palpebral lobes . 

Length of glabrila from neck ring . 

Width of glabella at neck ring 
Distance from glabella to anteribr margin 


. 7-S mm. 

. 11‘4 mm. 
. 8-2 mm. 

. 3-7 mm. 

. 3’5 mm. 

. 2*4 mm. 


These fossils are associated with brachiopods at K33/594 in the shales 
** near the top of the Magnenan sandstone series 1,000 yards N. B. 
of Chittidil Best House, 
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Tliere are 5 cranidia and a few isolated fragments. They differ 
from must other types in the fusion of the pre-glabellar field and the 
anterior rini. This is a rare feature in Middle Cambrian trilobites, 
and appears to justify the erection of a new genus to accommodate 
these furiiis. They clearly belong to the Ptychopariid stock. 

Horizon .—At Spiti the horizon yielding the nimierous PtycJuyparia^ 
described by Reed appears to be definitely in the Middle Cambrian 
while in China similar Ptychopariids are said to be found both in 
the Ijower Cambrian .and Middle Cambrian (Walcott, 1913), but since the 
work of Haito shows that all the Jkdlichia horizons of Korea are 
above the ProUtlenus zone, it may be necessary to move some of the 
beds formerly classed as Lower Cambrian up into the Middle 
Cambrian. 

In the Halt Range the Ptychopariids here described come from 
“ near the top of the Neobolus Shales ” and also from “ purple grey 
shales near the top of the Magnesian Sandstone series 

The present collection would seem to group these into one paheou- 
tological horizon of the Middle Cambrian, but probably quite low 
in that division. 

Note on the type of Olenus indicus Waagcn. 

Tattle can be added to the description or figures of this specimen 
given by Waagen (1839, Plate I, fig. 3) and photographed here (Plate 
1, fig. 5) but there can be little doubt tiiat the specimen cannot be 
referred to Olenus. From a comparison with Asiatic trilobites de¬ 
scribed in recent years it would appear that this specimen should be 
placed with or near the genus Blackwelderia of Walcott. In this 
genus many species have similar large irregularly spaced pustules 
on the glabella and fixed cheek, but until more material and parti¬ 
cularly pygidia are found no accurate reference to any genus can be 
made. 

The specimen does however suggest a Middle Cambrian rather 
than ail Upper Cambrian horizon for the beds in which it vras found. 
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EXPLANATION OF PLATES. 


PLATE 1. 

Redlichia noetlingi (Redlich). 

Fia. 1.—Short ploura attached to axial ring with long spine. Q. S. 1. No. 
K33/691 p. 

Fio. 2. —Axial ring with Mpinc. (1. S. 1. No. K33/591 q. 

Flo. .3.—Cast of ploum showing doublure. G. S. I. No. K33/691 r. 

Fio. 4 .—Piychopftria uiarthi (VVaagen) Photograph of type of CmocephaliUa %oar1hi 
Waagen. Pal. Jndiea .^^eriea, XIIT, Vol. IV, Plate I, flg. 1, (1889.) 
G. S. I. Type No. 4/112. 

Fig. 6.— 0Unu8 indie us VVaagen, Pal. Indiea, Series XIII, Vol. IV, Plate I, 
flg. 3. (1889) ? lilaclcvvlderia. G. S. I. T 3 rpe No. 4/114. 

Ptycheparia geei sp. nov. 

Fio. 6.—TyiJC Hjjeeinien from tributary goige about 0()0<1,000 yds. E. N, K. of 
(3iittidil Ib'ht House. Salt Range. .32-29': 71'64' Near the top of 
the Nenbolus Shales. G. S. I. Holotype No. 17266. 

Fio. 7.—(’ranidium. Same locality. G. S. I. Type No. 17267. 

’Ptychojmria sakemremvt sp. nov. 

Fio. 8.—Cranidiuin. Type siwcimen. Same locality and horizon as Pt. geei 
Q. S. 1. Holotyj[.»e No. 17268. 

Flo. 9.—Another oranidiura with small imroatun' cranidium touching it at the 
left jialpebral lolie. G. S. 1. Typi» No 17259. 

All figures x2. 
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PLATE 2. 

Ptyohoparia sakesarensia sp. hot. 

Fio. 1.—^Fygidium. G. S. L Type No. 17260. 

Fig. 2.—Small immature cranidia probably belonging to tbie Hfieeieii. G. 6. 1. 
Type Na 17261, 

Fio. 3.~- Small cranidium. Same locality. G. S. 1. Type No. 17262. 

Pio. 4.—Free cheek belonging to either Pi. mlrmrenaia or I*t. grH. Same ltK»* 
lity. G. S. I. Type No. 17263. 

ChUlidilla plana gen. et Rp. nov. 

Fra 5.—Type specimen from goigo about 1,000 yds. N. £. Cliittidil Rest House. 

From purple sh^ea near the top of the Magm>sian Sandstone Seriea. 
G. S. I. Hobtypo No. 17264. 

Fio. 6 ft 7.—Cranidia. Same locality. G. S. I. Type Nos. 17266 and 17206. 
Fio. 8.—Free cheek and pleural fragments. Same locality. G. S I. Type No 
17267. 


All figures x*4. 





PLAiTE 3. 

SedUehia notSingi (Btdlioh). 

Fia. 1 —Photogra{di of type gpeoimen figured by Redlicb, Pal. Indiea New 
Series, Vol. I. PI. I, fig. 1, (1901). G. S. I. Type No. 7/232. 

Flos. 2 k 3.—Other spooimons used by lledlich. Pal. Indiea, New Scries, VoL I. 

PI. I, figs. 8 and 2. Q. S. I. Type Nos. 7/230 and 7/233. 

Fio. 4 —Free check figured by Redlicb, Ptd. Indiea, Now Series, VoL I. PL I, 
fig. 3, (1901). a. S. I. Type No. 7/2.34, 

h'lCNi. 6-9.—(/ranidia showing distortion due to different amounts and direotions 
of compression. G. S. 1. Nos. K33/591a-e. 

All figures x2. 
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All (X 2l. G. S. I., CiJiVwtM 




^LAI^E 4. 

Redliclm noeUingi (Uedlioh). 

Fioa. 1-3.—Cranidia showing distortion duo Ui diffori'nt ainounta and dirootioiiS 
of oomprossion. Q. 8. 1. Non. K33/5iM/-A. 

Fius. 4 & 5 .— Cranidia showing narrow oxtontiiun of tlio iKwtoriur |>arl of ihu iixod 
cheek, a. 8. L Nua. K:W/501 i j. 

Fius. 6 k 7.—Isolated pleurao. G. S. 1. N«ni. K3.3/5U1 k~l 

Pios. 8 k O.—Proo chtHiks. G. S. I. Nos. K33/.501 m a. 

Fiu. 10.—Cast of free cheek showing uxioni of doubluiv on outer jHiri of posterior 
border. (Bee also fig. 4 above). G. B. 1 No. K33/^l o. 

All figures X2. 



PLATE 6. 


aenoe expooed In Kusak Idrt bill. Salt Range. 










